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;iiress reply to
Naval Air Material Center
NavQ1 Air t erimental Suition
U. ;. 14aval Base Station

V1 il'aelhid 12, Pa.
^tta: Aero. katis. lab.
and refer to No.

•M- 5-).: rmcs
(6067?) NAVAL AIR 2,d&RIAL CE2JiR

NAVAL AIR 1iPt]hUNTAL SILTION

PhiladelpLia, Pa.

From. Director, Naval Air kxperimental Station 25 APR 1950
To: Chief, bureau of Aeronautics

Subj: Report No. AML KAM " 540001; Operation CROSSM•ADS;
Target Ai.jlsn6, TW-3L Serial No. 69169; test of

Encl: (1) Twenty-three copies of subject report

1. l-closure (1) is submitted as the final report of tests conducted
on the subject airplane.

2. This re;ort indicates that results of teats of the target airplane
fell roughly into fbur categories: (1) Materials, equipment and structures
that showed no change and met specification requirements; (2) components
tLat could not be acorately evaluated due to results of severe and un-
controlled tropical weather exposure; (3) componepta that could not bo
accurately evaluated due to amage by blast; and (4) components that could
not be tested in any Iannor due to axcesaeve damage by blast.

3. 3ection A of the report is a final historical summary by the Naval Air
kxperimental Hiealth Physics Detail, composed of the Radiological Health
Officer, Aeronautical Medical 3oulpment Laboratory, and the Radiological
Safety kn~ineer, Aeronautical Materials laboratory, of arrangements made
to house the teat aircraft and conduct work safely. It contains a pictorial
survey of the laboratory and history of the test airplane at the Naval Air
kxperimental Station,,

4. Section B, final report by the Aronauticul &gine Laboratory on the
engine add engine ae.ossories, indicates that the few defects noted during
inspection and test were dofiLLtoIy attributable to other than .radiation
effects.

3. Section C oontaiLa the report by t. Aoronautioal Instrument Laboratory.
Sixt.Aa instruments were inspoatod and tested against specifications.
Alt'ough a umIbor failed in one or more respOOts to meet optimum operuting
roquQrimnts, the diserepopens noted were In no way attributable to
ortoots, of staomi radlation.,,.eto ,e. ., 4+711

6. Seetlos D Is the report by the Aorouauteal. Materials Laboratory of teots
conduwted os thd materials ooataiaed in the o.ronaftt

(a) Th. Uigh Polymer Division or the Aermautleal Materials laboratory
repp-tod: Textiles too badly weatboeod to toot; rubber - no oxoessive
danage asa that present attributable to weathering; plastios - @iangeo

4 I
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normal for time of exposure to weather.

(hb The Metallurgical Division of the Aeronautical Materials
laboratory reported: All metal specimens met specifications.

(c) The Iochanical Equipment Division reported: Many equipments
so damaged by blast and weathering that operation ws impossible; those
operable functioned normally.

(d) The Chemical Ingineering Division reported: No change in paint
properties other than that expected by excessive weathering; hydraulic

4 fluid met specifications, engine lubrication oil met specifications.

7. Wection E is the report by the Aeronautical Structures Laboratory
of tests conducted on the engine mount, tail section and one wing panel
of the aircraft. These tests were, Iin the main, inconclusive. The
engine mount failure was as predicted from studies of the contractor's
stress analyses (no comparable test data available); the rudder, after
repair, failed normally; the tail section gave indication of normal
failure; the wing, after extensive repair, failed at the repair, making
the test, inconclusive.

S. (a) The TBt-3E airplane tested had suffered some damage by blast,
cosaiderable damage by weather,and also some distinct damage by unknown
means while unguarded and exposed to extreme tropical weather for about
one year at Kwajalein. During this time the airplane remained iotally
vnpreserved,and the non-blast damage .o all components has been attributed
mainly to this weather exposure. No airplane similar in all respects
except exposure to atomic radiation was available for comparative test
purposes, making any determination of cause of damage addedly difficult.

(b) It is, therefore, concluded that although damage due to exposure
to atomic radiation mitt possibly have been present, no positive
evidence of any materials being substantially altered in either a positive
or negative fashion was found.

S. Authorized work on the subject project is complete. The pioJect is
considered closed and will be dropped from future progress report listirns.

R. E. CIakrENITS
By direction
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RUORT NO. A2L NAM AS 540001
SECTION A

REFERLWES

(a) BuAer Confidential ltr Aer-AE-45 C08267 of 29 Nov 46.
(b) BuAer Confidential ltr Aer-AE-54 011203 of. 1. Dec 48.
(a) NASO Itr XG-3 HvR:rrt F41-6 Serial 292.
(d) BuMed Circular ltr 48-10 of 23 3an L8.
(e) BtaAer Confidential ltr Aer-AE-54 04233 of 9 May 49.
(f) NAES Confidential ltr I&-45-FWR:rmcg (5740) of 1 Aug 49.

PLATES
KUBER

MASS Photo. No. 262385 - Crate Containing Test Aircraft, TUL-3E
BIO 69169, Arriving at NANC. 1

NA S Photo. N6. 262386 - Crate Containing Teat Aircraft, TM-3A
BUNO 69169, Being eoved into Radiological laboratory, Bldg. 518. 2

ZiAlS Photo. No. 252443 - View of Deoontemviition Station and
Office Spaces Seen from Main hangar Area, Bldg. 518, Prior to
Arrival of Test Airplane. 3

NAXS Photo, No. 252.44 - View of Laundry anl Tool Crib Seen from
Main Hangar Area, Bldg. 518, Prior to Arrival of Test Airplane. 4

NAS Photo. No* 262388 - View of Office of Health and Safety
Details on Second-Deck Level Showing Windowed Wall Overlooking
Main Hangar Area. 5

NAZ3 Photo. No. 260346 - Clean Dressing Rom Showing Entrance to -

Contaminated Dressing Roo end Passagoway from Shower Room. 6
KAM Photo. No. 2603" - Clean Laundry Storage Room Showing
Stooks of Clothing Arranged by Sizes to Outfit 'orkers "Prom
the Skin Out'. 7

KAX; Photo. No0 262388 - Contianmted Dressing Rom Showing !
Contaminated Antranoe to Shower Roma and Portion of Stoeks oat
Individual Shoes, aespiratore and FTil Badges. 8

WASS Pboto. No. 260345 - ShoweT Room Showing Stall Showers and
Clean uXxt fros Shower Room .to Clean Dressing Room. 9

NAKS Photo.. No. 262396 - Shower Room Sowing Basins Used for
Hand and Once Washing Before Showering. 10

NAh0 Photo. No. 260347 - Laundry Rxn Showing Tva Automatic
Laundries and Aryer - Shows Barrels of Soup art Carboys of
Disinfectant Used in Laundry. 11

SAW3 Photo. No. 262389 - Initial Phase of Unerating of Test
Airplane, I-3A N2MO 69169, Showing Workmen Wearing
PoteletMe Clothing and Squipment. 12

anl Phto. 1o. 262390 - 2Ws-31 EMNO 69169 Unorated and In
Position to,' EUuminatlon, 13

)tS Photo. No. 262391 - Radiological Safety Engineer Conducting
Radiolosgial Survey of Airplane - Mhows Complete Protective
Clothing Outfit., 14

171



RE-iOhRT NO. AL LNA1, Ai 540001
3ECGT1I A

PLATES (CONTINUED)
NULBEP

NAES Photo. No. 2b2392 - View of TFX-3E BUNO 69169 - Shows
Port Wing Being Opened by V•orkmen in Completo Protective
Clothing Outfit. 15

NA&S Photo. So. 262393 - View of TB-3E BUNO 69169 - Shows
Removel of Starboard Wing Panel by Workers in Complete
Protective Clothing Outfit. 16

N;Aq Photo. No. 262394 - View of Tall Section of TBU-3E
BUNO 69169 - Srows Protectively Clothed tn,'ineer Conducting
Inspection of Rudder. 17

NA.S Photo. No. 262395 - View of Cockpit of MM-3E BUNo 69169 -
Shows Protectively Clothed Mechanic Removing Instruments from
P&ne2. 18

NAES Photo. No. 262415 - Lnlargement of Frame from 16 mm
Motion Picture Showing Airplane as it was Prepared for
Transport to Sea for Burial. 19

NAES Photo. No. 262416 - Enlargement of Frame from 16 mm
Motion Picture Showing TEK-3E BUNO 69169' Being Sunk at Sea. 20

-4
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hE.POT Ni3. "~iL NAUW Ai,. 540001
"UZCTION A

ABJ TRACT

(a) A genrial history of the test airplane is outlined from the
time of its inclusion as a target article at Operation CROSSROADS to
its eventual birial at sea after test at the Naval Air kiperimental
Station.

(b) The Radiological health-Physics Detail,- Naval Air Experitiental
Station, reports on the arrangements made to house the airplane, conduct
tests, maintain radiological safety and conduct physical examinations.
It reports that no injury to personnel was sustained that could be
attributed to exposure to rqdioactivity and that as a result of the
strict suverviuion of mechanical and engineering personnel by the safety
group during work on and near the airplane and associated jig work and
scaffolding there was no loot-time injury to personnel during more than
a year's time.

(c) Photographs of the laboratory and decontamination center are
shown,along with views of various workzen and engineers wearing protective
clothing and equipment. Photographs of the test airplane chronicling its
history at the Naval Air Expeeimental, Station from arrival to burial at
sea are also included.

11
S~0 1711
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f lM REPOFI' NO0. AWL NAYH AE 540001
UCTION A

REPORT

I. 1 JULI 1946 0 .29.NOV1946

(a) Test Able of Operation CROSSROAD occurred on 1 July 1946.
During this test, on the hangar deck of the U.S.S. Saratogn,. TE-3E
Bu•o 69169 was located. At the completion of Able this airplane was
relocated to the flight deck of the U.S.S. Independence. Test Baker
occurred on 25 July 1946. The airplane and ship were both damaged
considerably by the accompanying blast, in addition to being made
dangerously radioactive due to both induced radioactivity and
contamination by fisslon products and fissionable mnterial4 An
attempt was made by Joint Tp.sk Force One to decontaminate the
Independence and, in so doing, the airplane was sprayed with various
materials end solutions including radioactive sea water and foamite,.

(b) Upon completion of inspection and radioactive survey by the
Ships Survey Group at Bikini, the target fleet including the
Independence was towed to Kwajalein and anchored in the lagoon. There
the ship. and airplane were monitored and studied by Army and Navy
Radiologicil Safety personnel, and also were'inspected and visited by
Ships Security Detail personnel.

11. 29 NOV 1946 T 24 OCT 1947

(a) Ref (a) assigned the test of T3R-3E Bulo 69169 to NAES under
Project TED NAM AX 450001 (changed to 540001 by ref (b)). Liaison with
BuMed personnel at this time revealed that rather unique fac~ilities
would be necessary to accomplish such a project with minimum hazard to
personnel involved. Assignment of the project to NAES was also meant
to provide a basis for a training program for NAM personnel in the
technique of handling and working with radioactive materials.

(b) The area assigned NA&5 in which to conduct this project was
Bldg. 518, NAMC, a building that could be made secure and which -ws,
relative to other possibly available areas, removed f4o0m main traffic
and activities. Bldg. 518 wss then being used as a paint-spraying
area and had only rudimentary toilet and office facilities. The
building was modified by building wooden structures across the two
closed sides of the hangar. One structure housed the laundry and tool
crib. The other housed, on the first deck, a tiled shower, wash-up and
toilet room, a contaminated dressing room, a clean dressing room, and
a clean laundry stortge room. The second deck, with ventilation from
clean outside air, housed the glass-walled office of thd radiological
detail. Thi= office was in constant communication, either visual or
voice, with all areas of the building. The reialder of the second
deck space was used as a remi-clean storage area for construction and
test. materiil and equipment.

S1711



REPORT NO. •AML N•: 1,E 5400C1
SECTIONI A

(c) Marine green clothing, navy underwear, navy field shces, socks
and baseball-type caps were rrocured in a wide rani:e of sizes along w.ith
chirpers' eye-cup _oegles, approved respirators and other gear such as
gloves, soap, towels, etc. Signs were hung in prominent locutions
giving warning of the lAzards involved and directing the *a~rkers in
soon-memorized procedures.

(d) Thus the aecentamination center was furnished to handle the
personnel expected to vork on the airplane. (See Plates 2 to 11,
inclusive.)

(e) The Independence, during this time, had been toed from
Kwajalein to San Francisco and was barthed at the San Francisco Naval
Shipyard. The airplane was removed, pecked in a crate and placed aboard
"the haw iian-American Lines' S.S. Victory for transportation through
the Panama Canal to fhiladelphla. Ship ard plane arrived in Philaselphia
on 29 Aug 1947. The crate housing the airplane was moved by barge to
10&C where it was placed in Blig. 518. Film badges placed on the box
by NIDL were removed and returned to NRDL for processing. A su-. ýequent
repert from NaDL revealed that much less than a tolerable dose was
received 4t the outside surface of the box during traLsit. After
uarboxide fumigation of tae bo: on 16 Oct 1947, disassembly started on
18 Oct 1947, at which time the decontamination center was placed in
operation.

(f) As each section of the orate was removed, it was monitored,
washed off with water from a high pressure fire hose and monitored Lgain.
On 24 Oct 1947, the box was considered uncontaainated, completely removed
from the hangar, and inspection of the airplane could commence. (See
Plates 1, 2, 12 and 13.)

III. 25 OCT 1947 TOV 31 VAY 1949

(a) During this time the rarious laboratories of NAES were conducting
tests on the alrplane. These tests are described in Sections B, C, D and
E of the report of which this portion is Section A.

(b) As stated in ref (e), the radiological health and eafey de-Aii
luring this time maintained safe and healthful wor'king conditions in
Bldg. 518, and also checked the health of the workers and other exposed
personnel regularly. In thie period, 4.85 physical examinations, 596
complete blood counts, 595 blood sedimentation rates, and 642 urinalyses
were conducted on a total of 172 men associated with the project and
exposed to radiation from the airplane. Cases revealing a aisqualifying
factor as defined in ref (d) were referred to the Dispensary for treatmený
or to the U. S, Naval Hospital for consultation and study. Investigation
of all questionable cases revealed that ne physioally disqualifyirg
effects were found that were a result of exposure to atomic r~diation.

.6'



S9-REPORT NO. AIL NAM AE 540001
SECTION A

.(c) It is felt that the fine industrial safety record of this
ý,est is largely due to the close supervislon and attention to ditail by
tt h eLansi-safety personnel aimed at the decrease of primarily
radiological hazards. There was not one instance of a lost-time
accident in the prosecution of the various tests in Bldg. 515 during
this or any other period of the test of the airplane. (See Plates
14 to IS, inclusive.)-

SIV. lIM 1949 TO 31 JAN 1950

(a) Ref (e) instructed NAES to dispose of the test airplane and all
contaminated materialiassociated therewith at sea. The airplane ws

Splaced on skids and then moved from Bldg. 518 to a barge for towing
to sea. Ref (f) reported the sinking of the airplane. (See Plates
19 and 20.)

(b) The decontamination center and hengar area were subsequently
monitored, washed down and re-monitored. No radiological contamination
above normal background was found upon re-monitoring and the buili'tng
was returned to NAMC use.

¢S

/
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REPORT NO. AML NAM AE 540XUU ~I
SECTION A

(i NP(3) -262385(L)-9-47 0*I
CRATE CONTAINING TEST AIRCRAFT, TBM.-3E BuNo 69169

ARRIVING AT NAMC PLATE 1



REPORT NO. AML NAM AE 5k0031
SECTI'lON A

NP(3)-262386 (L)-9-4I7
CRATE CONTAINING TEST AIRcRArT, TBt4-3E Butlo 69169

BEING MOVED INTO RADIOLOGICAL LAORATORY, BLDG. 518 PLATE



REPORT NO. AML NAM AE 34000,
SECTION A

i wt

C NP(3)-25214&3(L)-9-4 0'711
VIEW OF &ECONTAMINATION STATION AND OFF ICE SPACES

SEEN FROM MAIN HANGAR AREA,, BLDG. 518
PR IOR TO ARR IVAL OF TEST A IRPIANU PLATE 3



REPORT NO.'AHL NAM1 AL )4UUiJI
SECTION A

( NP('?)-2192~44(L)-9-47 ) '712
V1'EW FLAUNDRS AND TOOL CRI B SEEN FROM4 MAIN HANGAR AREA, BLDG. 5

PRIOR TO ARRIVAL OF TEST AIRPLANE
PLATE



REPORT NO. AML NAM AE 51•000
SECTION A

//

NP( 3)-26g2p87(L)-2-118 71,
VIEW NFICE OF HEALTH AND SAFETY DETAILS ON SECOND-DECK LEVEL

SHCOING WINDOWELD WALL OVERLOOKING MAIN HANGAR AREA
PLATE

//



REPORT NO. AML NAM AE 5~400,
SECTION A

A '[-t-,

( NP(3l)-2603146(L)-7-149
CLEAN DRESSING ROOM SHOW#ING ENTRANCE TO CONTAMINATED DRESSING ROOM

AND PASSAGEWAY FROM SHOWER ROOM
PLATE



REPORT NO. AML NAM AE 54000O
SECTION A

( NP(3)-260o244(L)-7-49 0*ii
CLEAN LAUNDRY S 'TORAGE ROOM SHOWE I NG STOCKS OF CLOTH I NG ARRANGED)

BY S IZES TO OUTF IT WORKERS "FROM THE SK IN OUT',
PLATE
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REPORT NO. AML NAM AE 5•4OO-
SECTION A

44

H R( SH STALL SHOWERS AND CLEAN EXIT FROM SHOWER ROOM

TO -CLEAN DRESS ING ROOMQ 7 PLATE

S,.,... , i .



REPORT NO. AML NAM AE 540o0C
SECTION A

NP(3)-262396(L)-i- 48 0 711

SHOWR ROOM SHOW "I NG 1BAS INISS USED FOR HAND AND FACE
WASHING BEFORF S~CJVIm(. PLATE



REPORT NO. AML NAM AE 5140(
SECTION A

4~IF,

NP(3)-26o347(L)-7 49
LAUNDRY ROOM SHOW#ING TWO AUTOMATIC LAUNDR IES AND DRYER

SHOWS BARRELS OF SOAP AND CARBOYS OF DISINFECTANT USED IN LAUNDRY

l 1721 PLATE



REPORT NO. AML NAM AE 54OC-
SECTION A

INIT AL PHASE OF UNCRATING OF TEST AIRPLANE, TBM-3E BUNo 69169
SHOWdING WORKMEN WEARING PROTECTIVE CLOTHING AND EQUIPMENT

Q ~ PLATE



REPORT NO. AML NAN AE 54a{
SECTION.A

tV

( NP(-)-26?390(L) toZky
TBM-3E BUNO 69169 UNCRATED AND IN POSITION FOR EXAMINATION

PLAT



REPORT NO. AML NAM AE 5h00')i
SECTION A

RADIOLOGICAL SAFETY ENGINEER CONDUCTING RADIOLOGICAL SURVEY
OF AIRPLANE - SHOWdS COM.PLETE PROTECTIVE CLOTHING OUTFIT

PLATE 1)4



REPORT NO. AML NAM AE 5409ý
SECTION A

NP3(3)-2623q2(L)-io-47
v IEW OF TO4-3E BuNo 69169 -SHOWS PORT W ING BE I NG OPENED BY WORKMEN

IN COMPLETE PROTECTIVE CLOTHING OUTFIT
PLATE 15



REPORT NOD. AML NAM AE c740'-
SECTION A

VIEW or rbMý1-)3E B 69 169 - 4OWS REMOVAL OF STARBOARD WING PANEL
BY WRRSIN COMPLETE PROTECTIVE CLOTHING. OUTFIT

PLATE 16



REPORT NO. AML NAM AE 5140001
SECTION A

(~~~ ~ NP3~63J~~OF TA1 SECTION OF T~t4-3E 81*40 69169 - sHows

PROTECTIVELY CLOTHED ENGINEER CONDUCTING I NSPECTION OF RUDDER
PLATE 1I,

40.



REPORT NO. AML NAM AE 5400D~I
SECTION A

t4(3)-2623,95(L )-io-14
VIEW OF COCKPIT OF TB4-3 BuNo 69169 - SHOWuS PROTECTIVELY

CLOTHED MECHANIC RMOBVING INSTRUMENTS FROM PANEL PLATE I



REPORT NO. AML NAM AE 540001I
SECTION A

( P()-26IINLARGEME OF FRAME FROM4 16 mm9. MOT ION P I CTURE
SHOW ING A IRPLANE AS IT WAS PREPARED FOR TRANSPORT 'TO SEA FOR BUR IAL

.- .( IPLATE 19



REPORT NO. AML NAM AE 51400.-1

SECTION A

S 3-22i6L-2-O 0 1
NP(3~26&I 6 LARUOEN OF FRAME F90M.16 mm. MOTION PICTURE

SHOWING TBl4-3E BUNO bg916 BEING SUNK AT SEA PLATE
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SECTION Z -

NAVY DEPARVlIIN T
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REPORT ON

TESTS OF AIRCRAFT ENGINE
FROM OPERATION CROSSROADS, TARG(IT AIRItIANE,

TBM-3E, BTNO 691E9

BY

0G. R. SDMPSON
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NAVAL AIR EXPERIMENTAL STATION

NAVAL AIR MATERIAL CENIThER PHIlLtISA
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ABSTRACT

(a) This is a report of investications and tests conducted on the
engine, and engine accessories and components (hereafter called the
power plant) of an Operation CROoSR.ADS target airplane. The power

plant was originally designed to withstand normal service usage,
assuming periodic adjustments, cleanings and overhauls. This usage
does not include either exposure to extreme blast damnge, weathering
or atomic radiation. The power plant was exzosed to all three of
these phenomena in addition to previous service usage.

(b) Testing of the power plant was made difficult due to the
decision of the radiological safety group that actual operation of the
engine would constitute a serioas health hazard. The r-ower plant was,
therefore, stripped down, all parts inspected and only those parts
actually operated that met two conditions: (1) Decontfmination was
possible and could not conceivably alter the operating condition as
found upon arrival; (2) Inspection and, for instance, hand turning,

would not suffice to evaluate the operability of a given component.

(c) The report describes the various inspections conducted, the
actual tests checked against normal operntion, and discloses that L1l
discrepancies and excessively corroded or otherwise damaged parts are
attributable to effects of phenomena other than atomic radiation.

(d) This report combines the findings reported tn refs (d) and (e).

(s
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1. AIUTHORIZATIcN

The subject investigation was authorized by ref (i.).

2. 0BJECT

These tests were conducted to determine the effects, if any, of
atomic radiation on the power plant of an aircraft which had been
exposed to atomic radiation.

C 3. DESCRIPTION

An inspection was rade of the engine, enirine comronents and
accessories of a Model TBU-3i uirplane, BuNo 69169. Thc engine Ms a

SWri!ýht Aeronmutical Corporation ('.AC) R-2600-20 engine, BuNo 122086.
Componamts inspected or tested iere: Hamiltor Standr,rd, three blade,
Viodel 23b.50-489 propeller; Toodlyard Gocverror, Ioiel 4G!O-G 3? DI;
Type JH4FR jer. No. N-5035, Motor Ser. No. 7360c, Jack and Keintz, inc.,
comblnution inertia-direct cranking electric starter; spark plu-s
Aero LS4AD; ki48A2 carburetor Ser. No. 70256P, Pvrts List No. 395600-2;
kn+;ine Driven Yuel Pump, *Tompson k-roiucts, Ina., F/N TFD 100 TypIe AN
4101; Y(iue Strainer, Aero Supply Kfg. Co. Assenbly No. 13960-4; Fuel
Selector Valve, Aero Suiply Uf,. Go. Absembly No. 14300; Yuel Trunster
±iu.mp, FPsC0 Eroiucts Co., consistian of iype AN4l01 Uh6CO fuel lump and
P6XS; Tyye 5421B electric motor.

4. METh0D A!D RI@ULTS

(a) As stated In pare 3 of ref (d), it was considered inadvisable to
operate the en.'ine, as suggestel in refs (!±) and (b), either in the air-
plane or in a test cell, since it mould create a safety hazard by
scattering radiolowically-corto:mnir.Fted pmrticles throu•hout the test area.
The engine was c.refully inspected for possible damage due to rndioectivity
before disassembly. i summary of the. ,ener!.l condition (see also Plaites
1 to 12, inclusive) based on this inspection follows:

(1) All exposed metal parts (particularly forward of the fire
wall) were heavily corroded and rusted; Aluminum parts were costed with
a thick layer of gray dust, rrobabl,.- aluminum oxides formed duritng
exposure to the "weather und salt atmosphere. 7

(2) £x~osed rubber parts (for,)ard of the fire ;all) such as. push
rod.hcu3in," and inttke manifold hsler were badly deterior,,ted.

Now-4 -
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SECTION B

(3) The engine rotated freely hen pulled throu*h with the
propeller.

(b) -As stated in para 4 of ref (d), information of interest
noted during and after complete dis embly of the engine, is as follows:

(1) All intake pipe hose clamps were less than hand-tight.

(2) The rubber hoses on the push rod housings were rotted
badly. Some of the rubber crumbled and the corded fabric rirped during
removal of the hoses from the housings.

(31 Only 14 of the 28 spark plugs (Aero LS4AD) could be removed
with less than 650 in. lbs. torque.

(41'A moderate amount of rust was also noted on many of the

internal engine parts. This Is attributed to the len:th of time the en.7ine
was stored without preservation or protection of any kind.

(5) The piston rings, pistons, cylinders, valves, bearings, etc.
showed no evidence of damage or erosion other than that which would be
caused by normal wear sni long time unprotected storage.

(6) The engine impeller was co 'ted .it!i white flaky particles
(see Plate 10) which were probably caused by the entrance of salt water
into the engine induction system.

(c) Ref (d), rare 6, reported thajt the hnmilten Standard, three-
blade, 1Model 23z50-489, propeller was in a generally satisfactory

( condition except for the corrosion similarly noted on all other exposed
Smetal parts of the airplane and engine. Although considerable •ifficulty

was encountered removing the propeller-dome retainin7 nut, the blades
were manually operated withoit difficulty. The propeller and Woodward
Governor, Model 4110-G38D1, were completely disassembled for inspection
and found to be in satisfactory condition.

(d) Ref (4), para 7, reported that the engine was equipped -;:ith a
cortbination inertio-direct cranking electric starter, Type JELFR,
(Ser. No. N-5035, Motor Ser. No. 73699) mrnufactured by Jack and hint•,v
Inc., Cleveland, Ohio. Ins;cctioa of the starter revealed that, alohougbl
covered with a film of enzine oil, the sountin- flange was slightly
corroded. The starter jaw could not be engaged by means of the manually
operated engaginr lever but was easily pried free with a screrdriver.
SJubsequent inspection of the splines of the Jnw end carr-vin7 arr assombly
revealed these iarts to be oil costed. ihe electric swlen=id, which is
also used for engagement, was checked independent of t-e remainder of the( Jaw engaging systez and found to function satisf:;ctorily. Except for the
reer armature bearing which was very rough, all befurirngs were in 'nd
condition. Both sets of brushes ;.,ere noted to be in reverscd positions,

" a5 5
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the positive in the ne,_-tive bru~h c-uide-, and vice versa; however, all
brushes had formed ,ood seatz. kn.,ine oil had penetrated in~to the
reduction ~e-ering; howjever, no evidence of excessive wear -was noted.

(e) k3 rertortedI in Tara 5, ref (e) , the ovpra-Il externeia1 artenrance
of the 1£-i48;Qi carb~retor, jer. 1ýo. '702568, Pirts Lisýt No. 39560('-2 from
th-d zub ' ect 'airrlate was satisfuotory with the e~ceptinn of the corr'ssive
action (aTrjeared to bc stilt water corrosi-on) ahich had tuken piace In the
carburtetcr m~ain venturi bn-1 'rouni the manual mnixture con~trol ur~it.
klates 11 ani 12 rri4 e ,er~er.l vie-,k cf the cý,rburetor sho-.vin:? the extcn~t
of this corrosion. Disassem~bly of thE c--rburetor fuel re-3ulatuJT oystf~m
and a visual ino~ecti,ýn of the vurious comrouent 1rarts Lnq 'lia-rhra-7rn
indicated these --Lrts to be in gooi conditicn. Altitude chamber te-t~.:
of the &utonr.%tic mixture control unit 9hlwi Ie unit to be within tie
specified trhvel limitsi tnl less than 1.0 percent off fronr the flow
bench specified setting at 20O0CC ft. altitude. It is corcludtje th::-t
this cerburetor is in cT4rfrble con ~itiorn arA no detrimernal1 eff'ects
were produc~ed upon or -..it~in the cejrburet~cr othicr thar the corrC'oive
action.

(f) As reTiorted in pera 6, -cf (e), t1-e follo-inr- fuel eyster
accessories were lisnssemrbled for extinination:

(1) 1Thor.-ron Prolucts, Inc., ir..iine DriVeTu Fuel Pump

(2) Aero aipply Ufj. Co. Fuel Strniner
ts-sembly N~o. 13906o-t,

(3) k~ero 6urply Kra Co. Fuel Selecto)r Valve( ~#tssembly No. 1/4300

A I-esco irolucts Company Fuel Trazinfer Thumr, W1 ,ich -10-131tS of a yr
*Ah4lOl fesco fuel pumT rinJ a kesco Tyre 5/421B electric motor rated 7
ar~leres at 24 v, d-c, wvas tested for I~reossure rerulfttion nt. 24. and 30,
volts. ~'ollowin:, thlese tests, the ly~e Z~4101 Pcscc fuel runir wes
lisa~semrbled for exaxrinuticn. "he electric motor ~v:r~ct disazcernbled.
1he pressure rc;,ulation or the fuel transfer tuiq -.ks satirf'act-)ry.
Hooevor, a maximu.'r of 14 di~opd per minute of fuel. leaked f'rom, the shaft
seal drain hole. This rtite of leu,)r. e is not serious; however, it is
undesirable. It is believed that the ~-,ealin.ý rurface of the bro3nze
seal rin(; of the shaft neal arsemtlly xis not laTTred cuff iclently in
Pro 4luction to pr-ovide Ft perfect spal. It is nnt believe~i that tt~e
1eakea-e was caused by any effect of' rndioactivity. Lxsmineption revealed
that the lart8 or egch di3sas.emiblel accecLiory me-itionied in thin pv -:-nzrarh( were in goodt condition. Unusual conclitiorns of the pcrts were no~t fcuný..

(d) All other en7-ine accessoriec w~ere visually inqr~ctci ir. tlhcir
&vsemblet con~dition and shoi:ed only slic',ht evi le,-ce of' cnrr-o.ipn.

Q 11
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5. OONGIISIcNS

No Jamage to the power plant vwa evident that could be attributed
to its exjosure to atomic radiation.

0. &~'L • ATIONS

(a) In rara- 9, ref (d), it was recorrende4 that if similar future
tests are to be cortucted, scre for• of preservation be applied to all
exposed engine and rropeller E-rt,3 so txAt w•eather dar.t:e can be
dilferentistel from bomb blast dama;ce.

Wb) It is further recomirended tat inspections be made by
experienced personnel within a reasonable time after the blast or as
soon as exIatinP safety resulationa allow.

0 1711
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NP(3)-256082(L)-6-48 ~~I
TBM-3E TARGET AIRrLANE -ENGINE AND ACCESSORIES

RIGHT SIDE VIEW PLATE
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NP(3)-256083(L)-6-48
TBM-3E TARGET AIRPLANE~ ENGINE INSTALLATION

TOP VIEW LOOKING AFT PLATE
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C (3)-;256o84(L)- 6 -~48
TBM-3E TARGET AIRPLANE -ENGINE INSTALLATION

BOTTOM VIEW PLATE
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C NP(3-2~OML) -6-4+8 *
- 20 ENGINE INSTALLATION - TBM-3E TARGET AIRPLANE

RIGHT SIDE VIEW PLATE ~4
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u 1,711

-260-2 ENINEINSTALLATION -TBM-3E TARGET AIRPLANE

FRONT THREE -QUARTER V IEW PLATE
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-2020 ENGINE INSTALLATION - Tst4-3E TARGET AIRPLANE
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C NP(3)-2ý509L-6~
-2oOO-2O ENGINE INSTALLATION -TBM-3E TARGET AIRPLANE

SHOW ING REMOVAL OF CARBURETOR PLATE
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r N(3)-256o9O(L)-6 -48VIEW SHOWING COIPTION OF CYLINDER 
PLATS

R-260-20ENGINEPLT
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w (3) -256091(L) -6 -I8
VIEW SHOSING2 CONDITION OF IMPELLER

R-2b00-20 ENGINE PLATE
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C NP(3)-2592O6(L)-4-49
CARZUJRETOR FROm TOm- 3E TARGET AIRPLANE

SHOWINMG GENERAL CORRODED CONDITION PLA1
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REE~aNCES,

(a) IIXR J652'47 of 26 Jun 07.

TABI1
NWBER

List of Engine Instruments Tested. I
Description of Engine Instruments Tested. II
Results of External Examination of Pointer and Dial Markings. III
Manifold Pressure Gage, Scale Error at Room Temperature. IV
Oil Pressure Gage, 6cale Erroi at Room Ter perature. V

L Hydraulic I-ressure Gage, Scale Error at Nuom Temperature. VI
Tachometer Indicator, Scale Error at Roor Temperature. VII
Tachometer Indicator, Friction Error at Room Temperature. VIII
Tachometer Indicator, Oscillation Error at Room Temperature. IX
Yuel quantity Indicator, Scale Error at Room Temperature. X
Fuel quantity Indicator, Jrriction Error at Room TUmperature. XI
Fuel 4uantity Transmitter, Sccle Error at Room Temperature. III
Engine Sage Unit, Oil Pressure Indicator, Scale Error at

Room Temperature. XII
angine Gage Onit, Fuel. Pressure Indicator, Scale Error at

'Zoom Temperature. XIV
Engine Gage Unit, Oil Temperature Thermometer Indicator,

Scale Error at Room Temperature. XV
Temperature Indicators, ;tc2ale Error at Room Temperature. XVI
Temperature Indicators, Position Error at k!om Temperaturb. XVII
Temperature Bulbs, Bulb Resistance. XVIII
Cylinder Temperature Indicator, Scale Error at Room

Temperature. Xix
Cylinder Temperature Indicator, Position Error at Room

Temperature. Ax
List and Description of Flight Instruments Tested. XXI
hclipse Altimeter, Case Leakage Test Results. xxIl
Eclipse Altimeter, Scale Error at Room Temperature. XXIII
Eclipse Altimeter, Uysterisis Test Results. XXIV
Kollsman Altimeter, Case leakage Teat Results. XXV
lollsmaen %Itimeter, Scale Error at Room Temperature. x'VI
Kollsman Altimeter, Hysterisis lest iesults. XXVII
Airspeed Indicator, Case leakage Test Results. XXVIII
Airspeed Indicator, Diaphragm Capsule Leakage Test Results. XXIX
Airspeed Indicator, Scale kError at Room Temperature -X

Airspeed Indicator, Friction Test Results. XX]I
* Rate of Climb Indicator, Case Leakage Test Results. XMIII

Rate of Climb Indicator, Scale Error at Room Temperature. 1=11
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;:: •: ... . • -, ABSTRACT . • . : .

(a) This Is a report of investigations and tests conducted oni •,sixteen aircraft'instruments of various types, manufacturers and ages,
•.removed from an Operation CROSSRMtW target airplane. The instruments

S.were originally designed to withstand normal service usagei., This.-Uwae
' -does not include either exposure to extreme blast pressure, weathering,

or atomic radiation. The instruments tested were exposed to all threeS" * .of these phenomena, in addition to previous-service usage,. -No unilque
Stests were devised;, standard perfomace tests against espeotf icatione

- ~~were employed., . .

S(b}'The report describes the various 'errors found in the performancee

of the instruments and discloses that the errors found are attributable toCeffects of phenomena other than atomic radiation.
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I, AUTHORIZATIO

This investigation was authorized by ref (a).

2. -

These tests were conducted to determine the effects, if any, of
atonic radiation on instruments removed from an aircraft which had been
exposed to atomic radiation during Operation CH0389DADS.

C '. IESCRIPTION

The instruments were removed from the TBU-31 BuNo 69169 at N&C.
They were then subjected to a process of decontamination following which
they were brought to the Aeronautical Instruments Laboratory for testing.

. The tests were conducted during the period from 7 Mar 49 to 18 May 49.
Xach instrument was given operational end functional tests which included
all or most of the individua,% tests of the applicable specifications.
The teste were performed in accordance with the applicable specifications
and the tolerances listed are taken from these specifications.

4. CATEGOY I - •iINK LSTHRKMrNTS -

L.IMOD AND EULTS

(1 (a) A list of engine instruments tested, giving manufacturer's data.
is shown in Table I. The Instruments' range, type mechanisa, and
applicable AM specification are shown in Table II.

(b) Examination - LEch instrument was examined externally and nothir,ý
of any significance was observed. The dial markings of each indicator and
the marking of each pointer were observed in the daylight, under ultra-
violet light and for ten minutes after extinguishing the light In a dark-
room. There is not sufficient information available t warrant any
precise interpretation of the results. The exact composition of the paint
or the date of application is not known, There are no changes in
appearance that are marked enough or consistent enough to definitely
indicate any effects that might not have occurred in noraal service.
The results of the examination of the markings are shomw in Table III..

(a) Tests - Manifold Pressure Gage

(1 (1) Saale Error at -m82 Temnerature - Acceptable. (Sao note in
Table IV.)

SQ 0 1711
'law,



- - •0---r-- - -(- - ,r .- --

- mawRT NO.* AML NAN AE 5.40001,
SE.CTION C

A. The gage was connected to a mercury manometer, the
pressure adjusted and the indicator reading noted. The errors
obtained are shown in Table IV.

.12) Friction - Unsatisfactory.

A. This test wee run in conjunction with the scale error
test. The indicator reading at several of the test points was noted
before and after tapping. The difference in the two readings or
friction error was between 0.5 and 0.7 inch of mercury. The tolerance
is 0.5 inch of mercury.

(d) OilPrssure Gg

c (i) Scale Error at Room Temperature -Satisfactory.

A. The gage was connected to a dead weight tester and
weights added to give the desired pressure and the Indicator reading
noted. The errors obtained are shown in Table V.

(2) Friction - Satisfactory.

A. This test was run in conjunction with the scale error
test. There was no change in indication observed after tapping at each
of the test points. The tolerance is 5.0 pounds per square inch.

- (e) Hydraulic Pressure (2!0

* (1) Scale Error at Iloom Temperature - Acceptable.

A. The gage was connected to a dead weight teeter and
* weights added until the desired pressure was obtained. Additional
weights were added and then weight was slowly removed until the pressure
bad decreased to the desired test point. Readings were taken at the test
points under conditions of increasing and deereasing pressure. The errors
obtained are shown in Table VI.

12) Friction Satisfactory.

A. This test as run in conjunction with the scale error
test. There was no change in indication observed after tapping at each
-of the teat points. The tolerance is 50 pounds per square inch.

(f) Tachometer Indicator

(1) Scale Error at Rom Temperature - Sattsfactory.

C - A. The tachometer indicator was connected to a test
generator and the generator operated at shaft speeds adjusted so that

So .. 1711
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the speed was increased to each of the desired test points and then
in turn decreased to each of the points. 2he errors obtained are shown
In Table VII.

(2) Friction - Satisfactory.

A. The indicator readings were noted before end after
tappiýg. Errors obtained are shown in Table VMII.

B. At each of the test points of the scale error at room
temperature test, the indicator polnter was observed for oscillation.
Results obtained are shown in Table IX.

(g) Tachometer Generator

( (1) Continuity - Satisfactory.

A. The stator uindings were checked for continuity between
the A, B and C electrical connector pins and t'tween each of the pins and
the generator frame. There were no signs of discontinuity. The resistance
in each of the three windings was measured and agreed within 0.1 ohm. The
allowable tolerance is 1.0 ohm.

(2) Phase Rotation - Satisfactory.

A. The generator was connected to a teat inatcator. The
test indicator gave a positive reading when the generator shaft was
rotated in a counterclockwise direction.

(3) Voltage - Satisfactory.

A. The generator was operated bt a drive shaft speed of
1250 revolutions per minute with a load across the output terminals of
three 40 ohm resistances connected in a Y. The voltage measured across
the generator terminals was 18 volts in all three cases. The tolerance
is not to exceed 21 volts. With a drive shaft speed of 300 WK the
voltage measured was between 3.5 and 3.7 volts, T7he tolerances at
300 RPM is not leas than 3.5 volts.

(hI Fuel iuantity Indicator

M1) Scale Error at Room Temperature- Unsatisfactory.

"A. The fuel quantity indicator was connected to the
Liquidometer master test unit EA310; a transparent master dial was placed
over the indicator cover glazs,and each of the four units tested in turn.
The errors obtained are listed ia Table I.

(i *(2) Friction -Unsatisfactoryf.

0 1711- -6-
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A. 7he indicator teadings were noted before and after
tapping. The errors obtained are listed in Table XI.

(3) Note - Difficulty was encountered in removing the fuel-
quantity indicator from the airplane. The AN connector plug was frozen
to the receptacle and later had to be cut off. The indicator ease was
broken open above and below the AN connector receptacle during removal
from the airplane. It will be noted from the room temperature scale

-errors that the canter tank unit, which was indicating correctly at the
full indication was within tolerance at all of the other test points.
Furthermore, if allowance were made for a full point adjustment for each
of the other three clemenrs, only one point might be in excess of
tolerance.

S(i) Fuel Agantity Transmitters

(1) Scale Error at Room Temperature - Unsatisfactory.

A. Each of the three fuel quantity transmitters was connected
to the indicator from the airplane and tested for operation. (There were
only three,since there was no droppable tank on the airplane. They were
tested with the Indicator from the airplane because the master indicator
of test unit SA310 was not operating properly.) All three gave an
indication which varied uniformly from empty to full as the float arm
w moved through Its approximate normal range. A scale error calibration
was made with only one unit because the float was missing from one of the
other two units,and the float arm sheared off of the third unit. The two
units were apparently damaged during removal from the airplane. The float
positions coresponding to empty end full were obtained from the Handbook
of Overhaul lnstrictions for Liquidometer Fuel Gage Systems AN-05-65A-G.

SThe intermediate points were obtained as a fraction of this total travel.
The transparent master dial was placed over the indicator cover glass for
"the test. The errors obtained are listed in Table XlI.

(3) Egine Gag Unit

(1) Scale Error at Room Temperature - Satisfactory.

A. Oil tressure - The oil pressure gage was connected to a
dead weight tester and weights added to give the desired pressure end the
Indicator reading noted. The errors obtained are shown In Table XIII.

B. FTel'Pressure -. The fuel pressure element was also
tested with a dead weight tester. The errors obtained are shown in
Table AIT.

C . Oil Temperature Thermometer - A decade resistance box
"was connected across the resistance bulb terminals of the indicator, and
with 28.5 volts applied to the terminals the resistance was adjusted to

am-s7- 0
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the desired value for the corresponding test indication and the
indicator reading noted. The test was then v.l5ated with 14.25
volts applied to the terminals. The errors obtained are shown in
Table XV.

(2) Friction - Satisfactory.

A. In conjunction with the scale error at room temperature
tests, the indicator readings were noted before and after tapping. The
maximum change in indication was 1.0 psi for the oil pressure gage,
0.2 psi for the fuel pressure gage, and 3.0*C. for the thermometer. The
allowable tolerances are 3.0 psi, 0.4 psi and 4.OC., respectively.

(3) Position krror - Satisfactory.

A. With an indication of approximately mid-scale on each of
the three units In turn, the change in indication was noted as the
indicator was rotated 900 to the right and then 900 to the left. The
maximum change in indication was 1.0 psi for the oil pressure gage,
0.3 psi for the fuel pressure, and 1.OC. for the thermometer. Theallowable tolerances are 3.0 psi, 0.3 psi and 4.qOC., respectively. On
a further check of the thermometer with the wvltage off, the indicator
pointer was off scale in the vertical position ani remained off scale
with no change in pointer position when rotated 900 to the left and
900 to the right.

(k) Temp•rature Indicators

(1) Scale hrror at Room TerT-erature - Satisfactory.

S . AA. The two temperature indicators were tested in the same
manner as the thermometer of the Engine Gage Unit. Results obtained are
shown In Table XVI.

(2) Friction - Satisfactory.

A. In conjunction with the scale error test, the indicator
reading was noted at each test point before and after tapping. The
maximum change In indication was 2' at each of the four tests. The
allowable tolerance is 4.

(3) Position Error - Satisfactory.

A. With no voltage applied each of the Indicators was
rotated first 90* to the left and then 900 to the right from its normal
vertical position. In each case the pointer remained slightly off scale

( at the low temperature end.

B. The test was repeated with 28.5 volts applied and an

indication setting corresponding to the 300 test point. Results

-8- 0 1711
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obtained are shown in Table XVII.

(1) Temperature Bulbs - Both of the Weston bulbs were heavily
corroded and one of these bulbs was bent at the connector shoulder and
found to have an open circuit. It zould not be tested. The test results
for the operative Wsston bulb and for the Edison Splitdorf bulb are as
follows:

(1) Wlb Resistance - Satisfactory.

A.- The resistance of each bulb was measured with a theatstone
Bridge with 1.5 volts across the bulb at temperatures of -50OG.J 0OC.,
+1200C. and +1706O. The bulbs were immersed to the top of the attaching
thread in an agitated liquid bath. A bath of dry ice and alcohol was used
at -500C., ice and water at OOC., and an oil bath at 1206G. and 170"C.
liesults obtained are shown in Table XVIII.

(m) Cylinder Temperature Indicator

11) Scale irror at Room Temperature - Acceptable.

A. Wheeler Teeter, AN Model 88-T-880-100 was connected across
tUe indicator. The tester is essentially a potentiometer with a source of
voltage. When the tester is set to a desired test point it establishes an
WE acrosa the indicator equivalent to the &F that would be obtained from
a thermocouple at a temperature corresponding to that of the test point.
Results obtained are shown in Table XIX.

(2) Friction - Satisfactory.

A. In conjunction with the scale error at room. temperature,
the Indicator readings were noted at each test point before and after
tapping. The maximum change in indication was 69G. The allowable
tolerance is 150G.

(3) Position trror - Unsazisi'actory'.

A. With the indicator on open circuit, it wsa turned from
the vertical 903 to the left and 90' to the right and the change in
indication noted. Results obtained are shown in Table XX.

Note: 'The engine cylinder thermocouple was not available for testing.

(•5. CONG lUSIOS

The examination and test results do not indicate any damage or effects
of any particulur si~mificance. Of the eleven types of instruments tested,
six were operating satisfactorily, two were satisfactory with allowance

- - - O 711
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ifor end point adjustments, one gave small errors in excess of the allowable
tolerance, and two eave excessive errors. The latter two were the fuel
quantity gage indicator and tranomitter.

6. CATEGORY' II - LIMT INS•WIUNTS.
ME•}hOD

(a) A list and description of flight Instruments tested is shown in
Tuble WX.

(1) estss

A. The instruments were tested In accordance with the
following speci fications:

Altimeters: AN-A-30 mend -2 - dated 4 Jan 46.
Airspeed Indicator - Sq - 80 with specification
Notice #3 dbted 18 Mar 43.

Rate-cf-Climb Indicator: AN-1-33 datei 23 Feb 45.

B. In each case the individual tests, generally comprising
the following tests, were performed:

I. Ixaminntion of Instrument
II. Leakage

111. Room Temperature Senle Error Test
IV. Friction Test (where applicable)

(a) Examination

(1) The exteiml ap;earance of the four flight instruments was in
no way different from that of any which miSht have been in use for a long
period of time. A discoloration of the paint and the dial-fsce markings
had no visible effect on the properties of the luminescent paint when
compared, in a darkroom and under ultraviolet light, with an instrument of
the same stock number end manufacturer.

(2) The Eclipse altimeter had a range of 0 - 35,COO feet. The
lollsman altimeter had a range of 0 - 50,000 feet. The Kallssan altimeter
had a plastic plug which had been broken off in its static opening. This
had to be drilled out before tests could be-conducted on this instrument.

(3) The range of the airspeed Indieator was 30 - 430 knots and(that of the rate-of-climb indicator, 0 - 6,000 feet per minute.

(b) Teats

(1) Aclinse Altimeter- AN Part No. 5761-1

-10- 0



S . REPORT NO. AYL NAY AiW 540l01
SECTION C

A* Case Leakage Test - Satiaractory.

I. Data obtained is shown in Table XXII.

B. 3cale Error Test, htOm Wmperature - Unsatisfactory.

I. Data obtained is shown in Table XXIII.

C. hysterisis Test - Satisfactory.

I. Data obtained is shown in Table XXIV.

(2)ý Kollsman Altimeter - AN Part No. 5760-2

A. Case Leakege Test -Unsatisfactnry.

£ I. Lata, obtained is shown in Table iT.

B. 6cale irror Test, .ioom Temperature -Unsatisfactory.

I. Data obtained is shown in Tab!3 LXVI.

G. Hycsterisis Test - iatisfactory.

I. Data obtained is shown in Table XXVII.

(3) Airasreed Indicator

A. tjse Ieakae Test - Satisfactory.

I. Data obtained is shown in Talble XXMII.

B. Diaphragm Carsule Leakage Test - Satisfactory.

I. Data obtained is shown in Table XXIX.

C. Scale irror Test, Room Temperature - Unsatisfactory.

I. Data obtained is shown in Table MCX.

D. Friction Teat - Satisfactory.

I. Data obtained is shown in Table XXXI.

(4) ate-of-Climb Indicvator

A. Case Leakage Test - Satisfactory.

I. Data obtained is shown in Table XJLXI.

B. Scale Error Test, Room Temperature - Satisfactory.

I. Data obtained is shown in Table XXXIII.

a 1
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8." C0N03SIONS

(a) Generally, all four instruments operated satisfactorily.

(b) The excessive scale errors in the two altimeters and the airspeed
indicator might be encountered In similar instruments which had been in
sefivce use for some time and had not been exposed to atomic radiation and
otier phenomena coincidental with Operation CROSSROADS.

(c) Although the discoloration of the paint on the dial faces was
readily visible in daylight, it had no visible effect on the properties of
the paint when viewed in darkness or under ultraziolet light. Similar dis-
coloration has been noted In old instruments which had been kept in the
laboratory.

(d) It is concluded that exposure ti atomic radiation had no effect on
this ,=roup of instruments.

9. CATGI0HY Iii - MA3N&3i RW1CTL INDEATIM, CLiPASS

This Instrument consists of two components: a transmitter, AN Part No.
5730-3, Serial No. 214277 and an indicator, AN I-art No. 5730-2, Serial No.
221614. Both components were manufactured by the lclipse-Pioneer Division,
Bendix Aviation Corporation, Teterbcro, New Jersey. when removed from the
aircraft, the instrument hud the appearance of one which had been in service
use for a long period of time, but, except for a cracked cover glass on the
indicator, there was no visible evidence of damage. Both components were
fully operative.

10. YHOD

(a) The compass was tested in accordance with Specification AN-C-138.
Only the most imrort-zt ;erformance tests were conducted, since these tests
revealed the compass to be in good condition, and nothing more was to be
learned by further tests. The following tests were performed:

(1) ýcale kError

A. Transmitter
B. Indicator

(2) Time of Swing - Room Temperature
(3) Compass Error with Compensatcr Removed
(4) Compensator Range
(5) Compensator Errorr(6) Tilt Error
(7) Damping

S.2_ Q 1711
12'



REFORT NO. AtL N; AL 540001
SZTION C

18) Swirl
(9) Vibration Irror

All tests were conducted exactly as described in Specification AM-C-138.

II. R•ESULTS

(a) Transmitter Scale Errors - The transmitter scale errors were
determined at intervals of 30" using a master test indicator. The average
error without regard to sign was 0.40 with a spread of 1.9', and the
maximum error of +1l3' occurred at a heading of 090. The maximum
permissible error is 3' with a spread of 3.

(b) Indicator Scale Errors - The indicator scale errors were
determined at intervals of 30' using a master test transmitter. The
average error without regard to sign wrse0.4' with a spread of 1.8',
and the maximum error of +1.25' occurred at a heading of 030. The
maximum permissible error is 3* with a spread of e.

(a) Time of Swing - Boom Temperature - The compass was set to north
-afd the magnetic element theadisplaced 30' first in one direction and then
in the other direction by means of an external magnet. The time required
for the indication to return to within 5' of north after the manet was
suddenly removed was noted. The average time for.six tries, three in each

-dlrection was 2.9 seconds. The maximum permissible time is 5 seconds.

r •(d) Compass Error with Compensator Removed

(1) The transmitter and indicator were connected and scale errors
determined at intervals of 30' for both clockwise and counterclockwise
rotation of the transmitter. The average error without regard to sign
was 0.7* with a spread of 2.25', end the maximum error of 1.8' occurred
on a heading of 180. The maximum permissible error is 3* with a spread
of 4e.

(2) This test was repeated with a second indicator connected in
parallel. Readings were taken only of tne indicator under test. The
average error was 1.3' with a spread of 5*. The maximum error was 2.25'
and occurred on four headings. The maximuz permissible error is 3- with
a spread of 6'.

S(e) Compensator Fange and Compensator Error - The maximum range of

C,• compensation for the N-S compensator was 15,75' on each side of north,and
for the 1-V compensator the maximum range was 16.5' on each side of west.
These fall within the allowed values of 15 to 20'. The error introduced
-by the N-S compensator was 1.25' and the error introduced by the t-W
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compensator was 2.25*. The last value is slightly greater than the
tolerance of 20.

(fM Tilt Irror - The errors caused by tilting the transmitter 100 in
any direction on a number of headings was noted on a master test indicator.
The maxim'm tilt error was 4.250 exreeding slightly the tolerance of 40.

(g) ,Damping and Swirl - The maximum overswing of the pointer of the
master test indicator was 11.5* which is less than the 13* allowed. The
swirl ws found to be too small to measure.

(h) Vibration Error - Both the transmitter and indicator were mounted
on a vibration stand. The double amplitude of the vibration was .009 inch
and the frequency was varied from 500 CW to 3000 MWi. The maximum pointer
oscillation was 10, occurring at a frequency of 1800 CPM. The maximum change
of heading was 20 and occurred at a frequency of 2800 CRM.

12. CCNCJUSIONS

No damage to the eomrass system was evident that could be attributed
to its exposure to atomic radiation.

13. • ECOIWE'-DATIONS

No recommendations are necessary.

-- . C 1711
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"NIdFOLD PRESJURPE GAU,,
SCALE XRROR AT ROOM TMPERATURE

PRk.S.JRE XRROR *TOLERANC
X4CING Hg. INICHIS Hg. INChES Hg.

30 0.3
25 0.4
20 0.4
15 .-1.8 0.5
10 -2.2 0,6
20 -1.8 0.4C 30 -1.8 0.3
35 09 .3
40 09 .3
45 -2.2 0.3
50 -1.5 0.4
55 1 0.4
60 -2. 0.5
65 -2.0 0.5
70 -2.0_o 0.6
75 -2.2 0.6
70 -2.2 o.6
60 -1.8 0.5
50 -1.6 0.4
40 -1.8 0.3
30 -1.8 0.3(.

NOTE: There would appear to be a thift in calibration, and it zero
adjustment were made all points should be within tolerance.

E Lrrors underlined are in excess of tolerance.

TABLE IV
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OIL PRESYhE- GAGE.
3CALIý iRhOl( AT RiJOM TIfIERATIJRE

P....SSllhi ERROR TDIZRANGE
kSl PSI PSI

0 0 3
10 0 3
20 +1 3
40 *1 3
60 +1 3
80 0 3(100 0 5

120 -1 5
140 -1 5
160 -1 5
180 -2 5
200 -2 5

TABlE V

HYDRAULIC PRUS&ZUR GAGE,
SCALE ERROR AT RO•CU WiY1tiLWIuti•

TEST PI&SOJURE INCRiASLN3 ERROR * DDCEAASING ERROR TOLERANCE
PSI PSI PSI PSI

0 +100 +100 30
'200 +100 +100 30
400 100 _o12 50
600 +100 ÷120 50
800 +100 +120 50

1000 +100 +110 50
1200 + 80 +100 50
1400 + 80 *90 50
1600 T-+__0 501800 so 5
2000 + 50 * 50 50"

NOTE: If a zero adjustment wore made all points should be within
tolerance.

Errors underlined are in excess of tolerance.

TABIk VI
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T;,G!A01 hli. IN DICMOR,
SCALE LR!OR AT ROOM TkMiziu.•jU"mE

TEST POINT INCi•.ASINt ERROR =Rk.ASING EiMR0R MLIARANCE
R2M PSI Pj I PSI

0 - 5 -10 15
600 -20 -20 25

1000 -10 -10 25
1"00. -10 -10 25
1800 -15 -10 25
2000 -15 -10 25
2200 -20 -15 25
2400 -15 -15 25
2600 -20 -15 25
2800 -20 -15 25
3000 -15 -10 25
3200 -20 -20 30
3600- -20 -15 30
4000 -15 -10 40
4400 -25 +20 40

TABLE VII

TACHOULTER INDICATOR.
FRICTION ER-OR AT ROOM TI iRAWURE

TEST POINT KIROR TOLERANCE
amx ________

0 0 25
1000 0 15
2600 0 15
3600 -5 15

TABLE VIII

TACHOMEM IN DICATO±I.
OSCILLATIO AT ROOM TEMPERAFURE

INST, POINTS MAXIMtLI OSCIULAT.1N TIVIXRANCE(7 EMRANGE. RPM RPV

O to 800 10 20
800 to 4500 5 10

0 1711 TABuE Ix
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FUEL XUANTIT_ INDICATOR,
SCALE ERROR AT ROOM m!PE•tWJRE

TEST ERROR IN PERCENT OF YULL SCALE * TOLERANCE
POINT 1±11T RlI(]fT CkZJTtR DR~tI'ABLE PERCENT OF kULL SCALE

Empty 0 0 0 0 0
1/8 Full *1.3 +o,7 0 +0.7 1-11/2
1/4 Full +2.O 0 0 0 1-1/2
1/2 Full 0 -2.0 +0.7 -0.7 1-1/2
3/4 Full -2.0_...-o 7 -1.3 -2.7 1-1/2
Full -0.7 -2.7 0 -2.0 0

QErrors underlined are in excess of tolerance.

TABLE X

FUEL wJJANTITY INDICATIOR,
FRICTION ERROR AT ROOCM TiPLflXRZ~lli

MT ERROR IN PERCENT OF FULL SCAIE- TOLERANCE
POINT LEFT RIC~iT CENTER DROFPPABLE PERCENT OF FULL SCALE

Empty 1 1.33r 1.3 1.0
1/8 Full 1-3 1._3 0.7 1.0
1/4 Full 1.3 2 2 1.3 1.0

At 1/2 Ful 11. 2 . - 1.0
- 3/4 F'ull 2 1.-7 31 1.0

Full 0.7 1.3 1.3 0.7 1.0

• Sticks off scale.

* Errors underlined are in excess of tolerance.

TABLE XI
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FULL. %,VANTITY TRUINVIITL.R.
SCAIA LRAOR AT ROOCL 'T Tp.lAkiLh.

h1UST ERR IN fiECiNT TOLRANCE IN P?.RC•iT
oUINT- of iULL SCALE OF FULL SCALi -

bnpty 6-7 0
1/8 Full +10.7 1-1/2
1/4 Full 43.3 1-1/2
1/2 Full *5o 1-1/2
3/4 Full + 2.0 1-1/2
Full - 0

•, ~ NOT_.: No adjustments were made for the empty and full indic±tors.

* Errors underlined are in excess of tolerance.

TABUE XII

,,INI• Aa•ACJE UNIT. OIL kRiS•,U. INDICATOR,
,CAIL ERROR AT RkOM T7 dRAJRL

PkiL3J1UR h RROR TOLRANCE
PSI -SI PSI

o -2 3
( 50 -3 3

100 -1 5
150 -1 5
200 -1 5

TABLX XIII

E•iGIN GaL LUNIT,Fth.L iRiSSURE INDICAUOR.
-;AAAa L1. R AT ROOM U,•u-LRATUi[t

PP-S XRE ERROR TOLLRANCE
P I FSI PSI

0 +0.1 0.2
"5 +0.3 0.3

10 .0.4 0.4
15 +0,3 0.5
20 +0.3 0.5
25 +0.1 0.5

- (3n1711TABLI- XI
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~GI~ JA~ U1T~ IL ~ R~ ii-ifaloMETI~R INDI0ATO0Ri.

MRRjUR IN DEGREIZ C

Tk~T P~1T28.5 14.W>

-70 -1-1 14

-50 -3'

-30 -1. 4

-10 -1 0

0 -1 0 4

10 -2 0 4

- ~ 30 +1 2 4

50 1 4

80 +2 4

100 01 .2 14

120 0 +1. 5

150 
.

TABLE XV

SCA1ý ýLROR ýATRi ROM ThmUF-IATU'E~

U" Z~RkLS C-*~R1 ERE

Th.S 1~1NTAT 28 VOL¶IS AT 14.2 VLa~~R1

-70 -1 3-
700 -2 3.0

-50 0 -1 0 -2 3.0

-30 0 -2 0 - 3.0

-10 0 -2 003,

0 -2 +10 3.0

100 -2 0 0 3.0

300 -2 0 -1 3.0

~50 -1 -2 - .

+1 -3 01 -2 3.0

100 +1 -3 *1 -2 3,a

120 -1 -3 l0-

150 +2 -2 2 - .

TABLE XVfl
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TkXIiLTURA1JR IN DICAL:IRS,

KUoITIQIdRý AT RCCETU A1:i

ERROR D.SidLo C. tLIC
C0L c DLE.GRiEES C

lndica3tor #1 -- l4.0
Indicator ff2 +2 0 4.0

TABLE XVII

M~kLWrJ-R- BJLU.,, BULB RESISTANCE

LRROR DEGREES C.ILE * r1jLM E
~3M-S . ,XSIN hDL~ izillGRU6L C .

-50 -0.-4 +0.14. 0.4

0 .0.27 .0.36 0.4
.120 -0.05 -C0.2 0.6
.170 --0,36 -0.4.5 0.8

TABUE XVIII

CYINLRTEPk~hTh!E ICAOR,
SCALM ERROR AT X-QCk TA.±-IIXRAh~

Th~r t-OUNT ZkiROR TOLERANCE

LERE- C. flE31E&A C . DL.GR~IIS Q.

25 08
50 08

.100 0 8
150 - 3 8
200 - 6 8
250 .- 8 8

300 - 10. 8
350 -12 8

NOTL.: *ihrrors underlined are in excess of tolernc a.

T.U3LE XIX
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CYLINDER TkEJPRATU INDICATOR,
POSITION ERROR AT &JOM f2PERAIJRE

INDICATOR READING ERROR DEIRELS C. $ TOLERANCE

VERTICAL 9 R DEGREES C.

26•G. -4 +13 10

NOTE: 'Srror underlined is in excess of tolerance.

TAbLE XX

•Ca LIST AND DYSCRflTION OF FLIGHT INSTRhUENTS TSTETD

(a) Instrument: Altimeter
Manufacturer: tclipse-Pioneer Division of Berdix Aviation Corp.
Contract: 93190
Manufacturer's Part No.: 1583-24-A
Manufacturer's Serial No.: 4601
AN Part No.: 5761-1

(b) Instrament: Altimeter
Manufacturer: Kollsman Instrument Division of Square D Co.
Contract: 93189
Federal Standards Stock Catalogue No.: 88-A-350
AN Part No.: 5760-2

(a) Instrument: atirspeed Indicator
Manufacturer: U. S. Gauge Go.
Contract: NoS-94174
Manufucturer's Part No.: AW-2-3/4-20-B
Federal Standards Stock Catalogoe No.: 88-1-350

(d) Instrument: Rate of Climb Indicator
Manufacturer: Kollsman Instrument Division of Square D Co.
Contract: Nee(s) 553
Manufacturer's fart No.: 731-EN-08
Federal Standards Stock Catalogue No.: 88-1-751

TABLE XXI

a 0 1711
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kBLIPaE ALTIUMT~h, CASE ILAIAE TzST RFuULTS

AJ.'i'khTER RIADING G•ilGE IN ED•

FELT ME T LEAK TGLURCE

18,000 15 ft. in 10 sec. 100 ft. in 10 sec.

TABLE

hCLII-SE ALTIMETEIt,
SC•JU EiROi AT FOLM TE.-hRAXIURE

S'NaDkLRD ATiMD W £iD L;DL i * TOILANCE
FEhT FEET F1MT

0 -175 500i 050

500 -17 05
1,000 7l07 75
1,500 9 75
2,000 -190 100
3,000 -170 100
4,000 -10100
6,000 -145 100
8,000 -140 150

10,000 -120 150
12,000 -110 200
14,000 -130 200
16,000 -100 200
18,000 - 80 200
20,000 - 20 200
22,000 - 10 300
25,000 + 10 -300

30,000 + 80 300
35,000 - 60 300

NOTE: iErrors underlined are in excess of tolerance.

TABLE XXIII
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ECLIPSEi ALTIME~TER. hYIiY3TRLI Ti~ST RZSAJL¶Li

TEST POINT
STA~NDARD ALTITUlDE MMW3h~.IS L&WiR TOL]LRAk4CE

__ __ __ __ _ ___ __ ___ __ ME T

18P000 30 70
16,000 40 70

0 35 50

TABLE XX1V

__KOL136AN ALT1Y1iL~Th, CSjk. I.ý.AKciaz TST- RE&IJ'IS

A~fLZI.AR~ !L-ADINýJ hAa IN ijkADINIG

18,000 300 ft. in 13 see. 100 ft. in 10 sec.

NOTE: *Irrors underlined are In excess of tolerance.

TABUE XXV
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SWhTION C

KOLL3¶AIN ALTIMEThi2
XAI.E lkAhii A'T L-k, 'iiLi.Aii'RE

STANDAI'D ALTfTUDE SXAU ERROR TGILR.hC h'
Fi.; FUET FEIT

0 -115 50
500 50

1,000 -iCI 75
1,500 =2dO 75
2,000 1I30 100
3,C00 -120 100
4,000 1 150
6,000 -155 150
8,000 --T3D 175

10,000 -190 175
12,000 200
14,000 -250 225
16,000 - -250 240
18,000 - 275
20,000 -3C0 360
22,000 - 300 340
25,000 -295 375
30,00C -160 450
35,.o00 * 40 525
40,000 - 40 600
45,000 * 70 675
50,C00 -150 750

NUTE: *Errors underlined are in excess of tolerance.

TABUL ICVI

Ku LANAN ALTIY.ETiý *, HYSTEI•IdSIS TEOT idtULT.3

TLST POINT
STrANDARD ALTI•UDE iYfSIELSIS ERROR TOLERANCE

FEdT FEET FUKT

25,000 70 150
20,000 40 150

0 45 60

TABLL XXVII

NW0 1711
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ýAIRSPIiED INDTCA,dtR
CASi LEAAý-aiTLST n~Lh

APPULiD IhAKAa 01HW-C
Pn&>XRE INChr.S OF iLaýiCURY IN 10 SLC. INOClS OF -"ZiRCURY INJ 10 JYSO.
15" lig.
Vacuum .1 0.2

10" kHg.
Prressure .05 0.2

TABiLE Xxviii

-AIRS-EjEj ThDICAWuR.
DIAPHRAGM C;-isULk. IAKAkE TiST RWJLTS

AkI Liii) CEANGE lIN POSITION OF B)INTFýa T-ClERANCE
_____fJJ IQ0 LEA IN OutE MIN4UIL CHANGE INi CpI'! 'L~ I z

To cause full No chan~ze I knot
scale (430
kts.J
deflection of
Pointer

W$ZA i.Rhusxt AT LQjA TOfitiu jfl

AIR S~SCl) AL rtROR*'- KNOTS TO2LERANCE
KNOTS__ UP D0?hN KNOTS

40 7.0 9.0
60 4.5 1.5
80 z -T5. 1.5
100 T-T 4Z73 1.5
120 TC 4.0 1.5
140 ___ -7 1.5
16c0.73 -

180 1-5__
200 T73-5 1.5
220 T5 0 0f 2.0
260 4.0 2,0
300 5.0 2.0
340 370 2.0
380 727.5 2.0

400 1.0 3.0 2.0 Q 11430 1.0 __ý 3.01
S.3.-

NUTE: The zert reading wan arproximrn-tely 15 knot.-;, which is an extrerely
large 2;r!) shift.

tA rrors unaorlined are it. excess of tolernn.,te. AZXX



t&i;0RT NO. aaL~i~Ah ii. 540001O
SECTIOIN C

TiST FO INT YRICTIL1TI Z.-"o

KNO TS kJiGs 0TS

60 1.0 2.0

80 0.5 2.0

100 0.5 2.0

120 0.5 2

140 0.5 2.0

-160 
0.5 2,0

4.180 
0.5 2.0

200 0.5 2.0

220 0.5 2.0

260 0.5 2.0

300, 0.52.
340 0.5 2.0

380 .0 2.0

400 0 2.0

430 0 2.,0

TAB"i ZXI

RALOF CJ~bICAC;TýR,

*~FLII~D 1LAKAGE ¶ULFR9;CE

piis~rt .IN CHE s OF .11 RCU RY Ei 10 si-C~ INChLS. OF' ll2RtURY Ill 10 SE~C

15" l~ercuny
Vacuum 0 0.1

10" Mercury
k'ressure 0 0.1

TABLE X=XII
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lackrO NOf. iWL NAL At 540001
S.WTION C-

RATE OF OLUfB INDIOCAIOR
SXAtk. ER•OR AT ROCi T±•4F.A-I1UMi

STANDARD ALTITUDE XALk ERROR * SXAU ERROR
IN4TRVAL TEST ctATE FT. Fi t MDN. TOLEZRJCE

FEET FT. PhR WIN. OL23t DIVEz FT. PER MPIN,.

2,000 to 4,000 500 - .8 + 3 100
1,000 .12 - 19 200
2,000 + 26 - 31 300
3,00c -225 -141 300
4,000 -350 -161 400
5,000 -405 -170 500

15,000 to 17,000 2,000 + 17 - 41 300
4,000 -379 -240 400

28,000 to 30,000 2,0C0 + 42 - 41 300
4,000 -412 -1383 400

t "juTh: *Error underlined is in excess of tolerance.

A 1711
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ILNAVY DiiiU "1T
jnRLkU OF ALtLONAUIICS

TESTS OF LIATERjfIS
FROM UPERATIZN CR 'iR.D, TARGET AIRPLANI,

TM-3•, bUNO 69169

BY

F. W. HEIaGAN,JR.

,•5•"•L"IC• M~f:41 Lq IBG.ATýRY

¥.UVAL AIR RLA-L AiTAL -1TAION

Authorization ....... Bwuer Confidential ltr Aer-AE-45 Cc8267
of 29 Nov 46.

Dates of Test ......... .. From Oct 47 to May 49.

A'proved by .. .. ....... ,Jr hed
C-hemieal Enzineerin• Div.

Apl;r'ved by ........... .. J. F. hardecker Head Engineer,
,ýero. MatIs. lab.

Approved by ............ R. E. Clements Superintendent,
X DR, UL;N Aero. Katis. lab.

DATE ISSUED I Apr 1c 5 0
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(a) BuAer Confidential ltr Aer-AE-45 C08267 of 29 Nov 1946.

TABLES
NUMBER

Elastic Samples from Test and Control Aircrtft, Including
Sample No., Description and Original Locatici. I

Readinws Taken on hydraulic Oil Samples. II
Results of Test of Hydraulic Oil - Three Samples Tested
A4,ainst Specification AZi-0-366. III

Readings Taken on lubricating Oil Samples. IV
Results of Test of Lubricating Oil - Two Samples Tested
Against Specification AN-VV-O- 4 046. V

Summary of Results from Tensile (a), Corrosion (a), and
Endurance (d) TEsts. VI

Flexure iatigue Tests. VII
Flexure Fatigue Tests. VIII
Comparison of Avera~.-e islues Obtained from Tests of
Materials A and B. IX

Plastic Test Results - Ultimnte Tensile Strength (PSI). X
Plastic Test Results - klonyution (%). XI
Plastic Test Results - Index of Refraction. XII
Pl-:stic Test Results - Angular Deviation - XII
Plastic Test Results - Percentage Light Transmission. XIV
Plastic Test Results - Percentnae haze. XV
Plastic Test Results - Rate of Burning. AVI
Plastic Test Results - Flexural Deformation. XVII
Plastic Test Results - Stress Craze. XVIII
Plastic Test ilesults - Percentage Water Absorption. XIX
Plastic Test Results - Specific Gravity. XX
Port Tire Tent Results. XXI
Inner Tube Test Results. XXI
Self-Sealing Fuel Cell. Test Results. UIII

PLATES
NUMBER

Graph of indurance Strength (50,000,000 Cycles) of Metal
Samples from Group 2. i

Graph of .nd!urance Strengtlh (50,000,000 Cycles) of Metal
Samples from Group 4. 2

3- 1711
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SiX TlON D

PlATEUS (COSTINTULD)
NWIBER

NARS Photo. No. 262269 - Photomicrographs Showing Results of
Intergranular Corrosion Studies on Metals - Saimple No. 1. 3
Ls Photo. No. 262270 - Photomicrographs Showing Results of
Intergranular Corrosion Studies on Metals - Sample No. 2. ,

NidS Photo. No. 262271 - Photomicrographs Showing Results of
Intergranular Corrosion Studies on Metals - Sample No. 3. 5

NlAS Photo. No. 262272 - Photomicrographs Showing Results of
Intergranular Corrosion Studies on Metals - Sanple No. 4.. 6

1

(
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SECTIQN D

'C
AB3ThAC T

(a) This is a retort of tests conducted on the basic materials
contained in an operation CROSSCAD3 target airplane. 2,ese materials,
fabrication of which formed the structure and component parts of the
test airplane and acccssories, were originally formulated and manu-
factured to withstand service usage. This usage does not include
either exposure to extreme blast pressure, unshielded trotical
weathering or atomic radiation. The test airýlane was exTosed to all
three of these phenomena, in addition to rrevious service usage. In
the rain, standard specification tests were employed. Tests specific
to certain materials were forgone in some inFtancs, however, being
supplanted by visual examination and on-the-spot qualitative tests
conducted by experienced enzineers, results bein-g compbred to similar

Stests prev4ously run on non-radioactive meterials.

(b) Tht report describes the daTge suffered by c3rtain materials,
and the points of failure and the non-specification qualities of others.
lt discloses t.at, in so far as could be determined, the results are
attributable to effects of rhenomena other than stomic radiation.

Q

(.
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SECTIION D

1. AUTHORIZATION

These investigations were authorized by ref (a).

2. UBJiOT

These tests were conducted to determine the effects, if any, of
atomic radietion on the materials contained in the structure and
comp•cent parts of en aircraft which had been exposed to atomic
radiation during Operation CiSSRUADS.

3. • DSCRIiTION

(a) Trese tests were conducted on the hydraulic end lubrication
oil, hydraulic and mechanical components, metals, paint, plastic,
rubber and textile products of Model Td-3k airplane BuNo 69169.

(b) samples of hydraulic oil and lubrication oil were removed
from various points of the hydraulic system and engine of the test
airplane. Since decontaminn tion was impossible, readings were taken
of each sample's radioactivity and the samples were shipped to the
Utemistry Laboratory for tests a. iinst specifications. No data was
available from the airplane's log regarding the exact specification
of the hydraulic oil foundc in the airplane, so tests were run against
hydraulic s-ecifications f,und in the £rection and Maintenance manual
for this model aircraft.

(c) The hydraulic and mechanical components cf the aircraft were,
in most cases, so badly damaged that removnl from the aircrnft would
serve no useful purpose. They were, tLerefore, inspected and tested
in place.

(d) Metal samples were taken exclusively from the outside $kin of
the fuselage. Duplicate samples were taken from the jort and starboard
sides. Since the Tort side of the airplane was extosed to the maximum
amount of initial radiation flux and the starboard side was shielded
by the rest of the plane, it was concluded that these samples would
yield the best comparative infc-rmatiba as to radiation effects on
metallic c'm!onents, or at least would be the best indicators for either
the continuation or discontinuation of further investigations on these
components. Comparative duta was j.thered both from similar tests run
on similar virgin metal and from data gathered from previous( metallurgical reports on similar non-radicective netal.

- 5- Q711
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(e) The lpint on the airplane was examined at various points on
the surface of the s9hip. As often as possible paints that had been

ficing zero roint at Baker a•ere compared with their oppositee that had
not been exposed to the direct flash. Also t~hose which showed more

residual radiation from fission product contamiamtion were. compared
with areas showing less or no fission product contamination. Although
some decontamination had been effected by Kwajalein weathering, these
methods were considered the most valid to comrpare areae of maximum and
minimum radiation exposure.

If) Various articles of clear acrylic plastic were removed from
the windows and cockpit enclosure. In this case, too, as nearly
opposites as possible were obtained in order to gather comparative
data. Further ccmparatlve data was gathered by cbtaininT, durlioete
samples from a strickrn I1-3E, Buio 2"3602, and subjecting these to
duplicate tests against specifications.

(g) Rubber samples were obtained from tires, ianrer tubes and self-
sealing fuel cells of the airjlane. Tests were run against standard
specifications on these samrles. Gasketing, tubing and shock mountinwýs
were insiected visually.

(h) .ll textile products in the firrlane were so extensively
damaged that their removal would verve no useful purpose. They were,
therefore, examined in place.

4. MI'flD

(- '(a) Hydraulic and Lubrication Oil

(i) The hydraulic oil sample-, were tested against AN
Specification AN-0-366.

(2) The lubrication oil was tested ag.inst AN Specification
AN-VV-0-446.

(3) In both cases, the oil was checked for radioactivity
before tests were begun. Then the oil was centrifuged, the residue
wuahed and checked for radioactivity alorg with the supernatant oil.

(b) Hydraulic and Mechanical Coirporents - Inasmuch as no laboratory
tests were conducted on these components, the method is includad under
ziesults, Section (b).

(. (c) Metallurgical Specimens

(1) Tensile and ýmdura c T sQ 1 7 11

- ao -



S RE2ORT NO. AKILL R4 AE 540001
ACTION D

A. Specimens obtained from nearly identical locations
on the tort and starboard side were subjected to both tensile and
endurance tests.

B. Virgin specizrens of 2=3T aluminum alloy were subjected
only to tensile tests for domp•rative data.

(2) Gorrosion Tezns

A. both unstresst i specimens and specimens stressed to 75%
of yield strength from both sides of the test airplane were subjected to
a standard Nedl - l 2 02 solution for a reriod of 7 days.

a B. Similar tests were run on virgin 243T aluminum alloy.

S(3) lntergranular Corrosion itudy - Sanples of Alcoa and
Reynolds Company 24ST sheet from both sides of the plane were subjected
to tests to determine susceptibility to intergranulcr corrosion.

(d) Orianic Protective Coatings

(1) The aircraft exterior surface wt coated in accordance with
specification requirements: i.e., 6pe-cification AN-P-c56 -rimer and
SIpecification AN-L-29 cellulose nitrate lacquer. The febric surfaces
were coated with cellulose acetate butyrate dope, S3ecifications AN-D-l
and A-D-2.

(2) Standard visual examinations and tests were conducted along
with chemical and spectrographlc analyses to letermine the compositionf of the dust or chalk found to be coating a portion of the fnislh.

(ei Plastics

(1) Varicus tests waere -erfarmed in accordance with AINA
Specifications AN-P-44a and nN-It-40-6a on vwrious acrylic parts taken
from both the test aircraft and a control aircraft, T&M-3E BiNo 23602,
with, as nearly as could be determined, similar service history except
ex;:osure to atomic radiation.

(2) In this repcrt, acrylic materiel taken from the test
aircraft will be designated as Material a and acrylic mnterial taken
from the control aircrnft, BuNo 23602, will be designated as Material B.

(3) Thble I includes the iamrle number and describes the location
in the aircraft from which each sample was obtained.

(4) Ultimate Teasile Strent.th - Tests were conlucted on
Materials A an i B in acctirance -::itl L-thol 1311 io' Ao4A ecific tion
i-r-406a.

0 1711
0 -7-
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(5) ierner~t Elon_ ,tio'n - Test.3 were con-1unted on kateriý,.:
and b in. eccordance w:ith ~ethoi 1011 of .4NA jnecifici tion A-P-!,06a.

(6) Index ,)f Ref'rvctirn - iýest3 hepre cm'iucted on Vate1'~r~ls A.

qnd B in accordanie -,'ith kethil F-50 of Qi~A ;uecific~tiý.n A2N-P-1da.

()Anuguir Deviation - Testre con-luitel on 1YZter±iz~sA
nil B in cc:ne t]kethod~ 3041 of z4ecif'icat.1or. L-P-4,06z.

(6) i-ercentr,-e Light 'Tnansission - Tests were coniucte-i1 or.
Materials A and b in accordance -.'ith MethO` 3021 of_' .e~ific~ti-,i

(9)i-rcentzý-e haze - Tests we3re corducted on Uateriý.Is 1L and b~
in acccordance --itlh igethod )021 of' jec.ficatior, AL-- 4C6a.

(10) 1cate of Dunn - TcEsts %,.,ere con luc-ted on kuterirt1:-., c-nd B
in accorrJuncr, kwth i~ethod _`C~l of Jjecificatior-. L-k--LC&. Lie, D~vr
to th~e lossibility ",f nir pollution anci subsequent human ingepti'-ri of'
possible residuwA radiolo ' ical contismin-r-tion (the tenst -sspimles Y.1d bcc';
decontminated, ,.:n,*tcred ani deciwn.-ed "SAFE") durin.7 burnin,ý, Wateri.ý]. A
was burned in a venti1&atcd hcod.

(11) Fic:~url Defcrnmý,tion - Tests were corfuctcd on Muterilas A.
and B~ in -accordance with, Met,,o'I 2011 of' 51ecificetion I-P-4063.

(12) ýtxezs Gr-je - leit -were con~ductedl on 1:teri?.1sr 'A and B in
accordance withL Lethoi 3053 of -4.ecifilation L-P-4C6a,tvith the excerticr
tihat no solvent wvas used. Wriin.: Tart of this test the iiir con-di tionin;,
system, in the lbborutor-. 'ais LIhut. ,owi, thereby m~akin., the. res ult.; Df tthio
test less valid tlan otherxiz~e.

(13) i-ercenrL,, -- ter Absorption - iests w~ere conlucted on 1I tEin'. 1j
and b in accnrd:ýtnce thith ~i~ethcd 70,31 of S&ecificuitir~n Li-Ga

(14) Sjeiific Gravity - Tests were conducted on Yeter~l,,ls a.~nd B
in accordance tAith AutholI E-5b of Stecification ArJ-i-4La.

(if) Rubber

(1) Tilre - Destructive tests to' detem~ir~c tensile strenzth rir~d
ultil-rte jercernt elon,".tion was conductei on the pcrt tire of' th.H test

airr~f. lests -,:f're condluctfed in acocrid-nce -e~itl. F'lercr1 :,eeifico'tinrm

(2) Inner Tube - Dc.;truotive tests to determine tenoile stren-~th.
( ~aan ultimzite Lercer~t clmonntion ,,erE con~uctd cn the rcrt tire inner t~

of the test suircraft. Tt-t~ wre ccndluctei in !!ccn)rdonce iAth Fede:-til

8ncfcto 04 R-501a

4. 17.
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(3) self-Sealing_. Fuel Sell - Tests to determine the self-
sealing proýerties of the main fuel cell were conducted as described
in Report No. 4&L " ih 424714, fart I, Aromatic Fuel PReistant
Rubber, Shrinkage in Grade 115/145 Fuel.

(4) GasketinL7, Tubing .nd Shock Mounts - These components, in
general, were so severely attacked by weather that detailed tfasts eould
have been inconclusive. They -ere inseected in place visually.

(g) Textiles

(1) Inspection of the aircraft assembly revealed various textile
mterials to be present showing vryina amounts of deterioration.

(2) k canvas hatch cover, an instranent carrying case and two
safety belts and shoulder harnesses were present in the radioman's
comrrtment but all showed tvidence of repeated water soaking. Also
present were a safety belt and shouller harness in the pilot's cockpit
and the bombardier's compartment. 'ihese also showed evidence of
extreme weathering, all fittings being severely corroded. n size 7
ensign of unknown history ias found in the life raft corpartment. It
showed evidence of severe weathering, viz.: the fly was mIssinz and the
remaining fAbric was tattered, frayed end discolored.

(3) Control surfaces of the tail assembly were fabric covered.
Lowever, since these surfaces had been exposed to severe uncontrolled
and unknown trorical conditions f-r at least 15 months fbllowinZ Test
Baker of C3SRO5AD, it was decided that deterioration due to this
weatheringr would mask any effects due to ato;mic radiationi.

4 (4) Because of the well-known deterioration of textile products
due to weathering and since no control samples with equivrlent weather
exposure were available, no tests were rerformod on any textiles
contained in the aircraft.

(5) Project No. ;L IL.M Ah 5,25036, reported on 3 Jun 47,
revealed that no effect either in structural jrorerties or operatij
characteristics could be noted in a LMnrk 2 life raft that had teen
subjected to atomic radiation during lest Able. 1!hen it is realized
that accurate controls wiere avbilable for UhiL; sycciren whose histor7
1is known it least rartially and no injicetion of radirýton 'rnfge
could be found, it is readily seen that tests on specimens such as those
fbund in this test aircraft would live been mes-nin-less.

(a) IHydreullcjrnd Lubrication Oil

(1) Results of zadioactivity determinoti!s or. hydrtulic Cil

samples are shown on Table II.r n. .- 9-
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(2) iaez.ult!3 of tests of hydreulic oil a.-ainst Specification
AN-0h-366 are showin on Tnble Ilii.

(3) Rez~ults of rtidioactivity determinptiorn on lubricating oil
samples are eho-An or, Table IV.

(4) IRebults of test~i of lubric-,tiop oil aýýPinst Specifictntion
AIN-W-O-366 Lare shown on 'lable V.

(b) hydrajulic and ~Iech,-nicnl Components

(1) Due to the weathered rnd structursllv-dter~n#aed condition
of' the nirplttne, in t3ener~ril, It w-,s possible to &ctuite only a fev. of
the hydraulic comnronents.

(2) The starbourd win.7 hyirz-ulic system wae found in fAir
-ondition, but the :ort wi .as in bf-1 shafe nnd its hy'rc~ulic system
was not o~erLble. (r)he -,-rt win:- hcd to, be shorel ur to prevent its
fetllin-ý off w.'hen ope~ned.) hveral leeikinF'. Joints we-e observed %Y.Ich
apl~eured to be -a result ýf dioto)rtion of stArncturr~l reribers due to bICh1t.
riston rods were mrsýIer-,.tely corro~ei on th~ir- expofsed isurfaces.

(3) The bcr~b-bhiv doors * uere ectunted with the 'nand pur~p, and
were observed to function. r~ormrally.

(4) The stbrboard v~in:7 fl.2p wrns cictuatri prrt -.3y by the hn d
purr~p, but comtlete actuation w~r, not obtainedl due to the. bent trondition
of the flap and wlnj stub an]i c-rrosion on the exyosed -,urfi~ce of the
piston rod. The Tort Vin-, fliir was h.eld :3Lut by bre-cir,', ýimd fluil was
leaking- fromi joints wheni rrei.;ure was ajl-Ticd.

(5) Lundln.< iear retr:.ctini.? cylinder- rols were corroded on tiheir
expo~sed surfa.ces so thr~t thc ir bctuation .,.as not feasible.

(6) 'Ihe selector valve, ha~nd pump, and, in gener:-1, all rarts
not subjected to corrosion trnd lhysic~il dam-_-e insile the c:.bin wekre in
orrrable condition.

(7) Az it was nbserved (1) that the Inor condition of tho
hydraulic system, In ,pnerf.,l, -jus !ue to corrcozion anl 1hvsicel darnage'
(probnbly from the blest, A!, rnted), and (2) it, could not be seen how
efrectev of tossible radilation dawn,,e coull be separated fror these
other ý:ross; -'ffects, further test.s were di.,;continued.

(c)htrU.llurz~ict!1 i3peCiirT.fnS

(1) i e:uile r~n i&r urnrce Te'sts (0 1711
A. A SUrlqrry tabultAion of renult- of t~ensile and endurance

teStS i 6 SthO~n in Tv'~le Vl.

-10-
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C B. Detailed tabulation of results of endurance tests is
shown on Tables VII and VIII.

C. Plots of endurance strength are shown on Plates 1 and 2.

(2) Corrosion Tests

A. A summary tabulation of results of corrvsion tests is
shown on Table VI.

(3) Interc-anular Corrosion Study,

A. ihotomicro;raphs of specimens subjected to intergranultr
corrosion tests are shown on Plates 3, 4, 5 and 6. The photomicrographs
showed the material to be mnderately susceptible to intergranular corrosion.

( (d) Organic Protective Coatin.?s

(1) The finish system on the aircraft was in good condition.
Adhesion of the pAint was very good; there was no evidence of checkine,;
no blistering of the surface was noted on close inspection; no cracking or
alligutoring of the finish coul4 be found. The paint showed sipn of
considerable chalking, but determinttion )f degree and reesn for chclking
was complicated by the presence, over a large pert of the turface, of a rust-
colnred dust. This dust was ;resumably the residue of foamites which is
known to have been sprayed on the Independence and also the sirplane.
Chemical and spectrotraphic analysis of this reddish dust revealed the
strong presence of Aluminum Sulfate, one of the components of foamite.

(.) Plastics

41) A comparison of the aver-ne values of results of teats on
( Material A and, similarly, on Material B, together with the requirerents of

the pertinent specification end thether or not the specification repzire-
meats are met or not met by the test materials is shown on Table IX. Also
indicated is that material considered superior in each given test.

(2) Ultimate Tensile Strength - Results are shown on %ble 1.

(3) Percentage k•longstion - Results are shrwy on Table I1.

(4) Index of Refraction - Results are shown on Table XII.

(5) Anprular Deviation - Results are shown on Table XIII.

(6) lercentage Light Trnnsmi3sion - Results are shown on Table XIV.

(7) P ercenta, Haze - hesults are shown on Table XV.

(8) hate of Burninc, - Results are shown on Iable XVI.

0 1711~- 1l-



(9) Flexural Deform~ation -iEwsult~s are al~own on Table XVI1.

(13)) Lities.; (Cra - Rer-ulta aire stimn on Uible XVIII.

(11) kercntape I.ater Ab!~orrtiof - ;wsuzlts a~re -.h:x ,,n
Thble IXL(.

t12) ireif IQ 4raivity - Resul~tsi are shown ont tDiblt Ax.

(f) R~ubber

(1) Tire

port t~ire~). Th.c., tovýr couli not be uittributpi roAeljlytM totimic
radatin.Both sdwalls bod, no di)ubt, deeres3ei cot 7-flevr-bly in

tensile stren,'th tLnd iiltimrn'dc lon-V3.tlon tron th'Air ,o1':er! at tht, tim~e
of mtinuftiature. 1They oimre then Irobtbly ia-)t.u 2500 ,si 'Ir 504~,
respectively. Tte Outb^-ird side v.,4l1 Wi4 beent ft',d mcre rl-1 illy b(-:!iiv:e
of more exjrozure to :?un1.i-ýt tIT'Iin the tzboi~rd ali'e wall. 'Pte~..
tArparent on dxarin-ition -:ý tt.e surface of both tires. The outt"-nrd
aide walls~ of bot tires ehrwPbd more extenpIve s.unli,:ht ernekir.7 tl!Uvn
the inbr~trd ride *allc. Tih.A foct ýku mrtlectri In the teni'ilc strenr.t,

b. sieaults f ta'te #wnlucted on the n~ort tire -;f( oan Tbble La.I

(2) Inner Tube

A. TV.e Inner tube tenttf4 detren.ýtrntte1 n'trm1 to~nqilt

rrojertiea3 conai-ieril,- Itp are enfl vervice conditions encounterel.

B. hrý,ulta cr tonte eoachete fon the inrer tubtir nrlc H
ont I4LIO, 2X11.

A. Thi, self-sealin." pror~ertfefi of tht! tuel cell tct* 1,
wbhri in oontact with fuol dt -020*F. waa se~nl ti the cells In current.
use In nwvvýl iLiricrat.

B. Hnle~t.o off tctta eni.%ete! or. t~e aelf-s cýl~n7 f..ti( ~~~ell. tre i~~inen Table ;aIII.

A. VIE'xil Inal.ectl,)n if ý 'tirtlnj t~.4ýrl" nxc it.'Ar'ý'

.12-
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th~t could be consider-ed abnintal after the time ct weather exroz-ure of'
the airplbne.

Bi. ¶iuhingý not exro~sed tn direct sunlijqht was in normal
condition. Lienthered tubinG -ms holly dEterioruted, but this was
considered normaul.

C. $Lc ounta, In rnit casesý, ntrintetned Food tonr-ile
j-rSrertierý. Thove exposc4d to we: thopr shrinwe5 coruU&drf blet asin.ý but
thins, hiso, iros consilered n,ýrrn1, af'ter a prelon.,Pei perio~l o)f trIylCaL!
vmfstth.er ex;caure.

(,J) Text'lies

(l) Inssruch ý,- no tests w'rc conducted on these compon'ýnts, the
results are Included un,,cr Methai, J1eotion .

(a) hsdrw~iic =.-I hftrictsticn U11

(1, I 1nt conluoited or ½e, hydraulic oil znmplee iniicpteI Uth¶t:

A. Very small ntnountn of contemin,,tion, 1-r'd nten'l the
hyiruulic syrter. No wtnretsbtlc tilrhut covttainbtion, wrts rrerent.

J$i. After centrifulin., thre s miot: tested zo!ntni'wd li*tt.Li
or no resii~uul radloictivity. It i,,' belitvnd t1hat further, or 1v rh- Is
uItra,ceu-trif~uzin,;' .oul-I heve retovel this reraniner.

'.J!eciricatloni re~juilre: pits --.-ro ntt me~t, nsni~vrvn t-:-t
the tylz. ulic oil in Ute nirrv-tnr w%3 ;4i-v-3t. This, wever, ctni-t bex
sttributed to vadintion *ffects. Hydrwvlic oil, upon Ion? stardin.moi
t~rcuwh leak 'ad brenkih in the systemr, oit i:Aton and contfn'tirv, ti'n (%-t.

neccsn~rtl: r~i~eo~ir~fl n 1,i I't tny e--rn-, r,.-t meet. t cfiu
re tutna,~ en~tc. It, I!, trlirývrl tit tipA fo.tors ; luyd i' nzýjr pbrt iaý
the nt-n-ojecfioiution qualities of tlk- ili.

(2) Terts contucted or tie 1Obr½ztin.; til sbwv.d thnt:.

ntle oernifz~in~, aiw<lieIbls trnonnt ,r7rtrsitc, it-; ;resence tc Tliainbe
In the save winner an3 thnt rensi-inin in tt" l-gdrztulic 4i1. (SCti in 4)3)

B. ie ubrmti.;oil lid rot '(-et sleeiflo- ti- rrqb.i"--
,av~~i'ti '*It It Tu.~AV.> , lK' 1iC isliWV1Ztttrlh1U tilt

vo th stm Cetrz Nt oa:cr-fd tUV ylrui oil s'r! hes t- fY11

-13- 1711i
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specification tet; and not due to effects of ftwic radiation.

(b) HydrLUliC and Mechanical Components - Cccsiderwble damage was
suffered by the hyirn-ulic anti mechanical components of the test airplane.
It is consilered th~t this d~rnage was caused by etifecl other t~an atomic
radiationh and no ef fects attributable to dunuge by atomic radiation
were found.

(e) Reta~llur~ricP_). .3recirrens, - Aa analysis of test r'esults obtnined
indceated that ttere wais ao difference that ooulL be considerel corclusive
between the resulta obtuined from tests on camplhs from th~e st-arboftrd siin
of the test aircra~ft LL; conpared aith results of se~ples from. the port skin;
nor was there any corclusive' difference between t~e recults obtained from
teats on muteriti1 frz-rn the te3t Pir-zratt as cmratred wzith vir.;in mnteriiil

tWnt nmigtt be attributed to effect3 of atomic re!Ilation.

(d) Organic Frotective Coft1nvs - It to ;cnsdered that de~rairtion
of the film had not occurred due tn its exl\,sure to a", mic ruiicticn.

(@) Flrstics - There is no conclusive evidence to st!ow that non-
orecificetion crozertion of the Iy1-stic samples tistel --ore cause4 by
exI:.osure to atoxic ritdiatticn.

(f) &ibber - V~cm- iL3 nn coviolusive evidenco- to r,'-.w t~hat non-
srecification prorerties cof thE rubber rsamrles tested± were caused by
exposure to eatomic rLditiaton.

(g) Text-iles - N~o .aonclusion con be made regreinp' the textiles
obtained fromi the aircraft. All ttxtile uiateriala were oc sooverely dam,13"d
by weather that tests v-ere not conducted. (Lee ;e~i1 .ectioni (g).

(a) It Is recorrmonlde that if BUAer Intends to cor~tinue Invest1-,ttions
of this tyre, ts much strister control orfa- lit.&jret' j-P., Axtposure Method
aud ccntrml P-r~les he ob~iirv,3J. As is ravýiil v veen in tV s, rerort,
possible of fects of 'itomic radiction %%ere masked covnpletely by s'any7
indeterminr. es.

(b) It is, however , bel loved th-it definite en-wetr'ictive Infort-ntior
might be ebtainod it thi3 1l.borsltor-: wore ,-Ivan tlhe crrnfct of determininp,
the effect.i of atoric rsdintion on rittorialt. ;resently usel t in "vul
aircrmft. In cooperetion with, for inst~ince, Oak Wg4e factlit!es,
definite cortrol itaniuards could be rzintainei, tboreby re-0erln:- test
rerults vrilid and c-'rnlu.:.;ie.

(a) LeR3din- fro-n tUr, it. is, conceivable th~tmncterinlo, ý,f U,7!-er
quality zi,ýht t( de.veloped, th..reb-; ren !arin,ý nasyl 'ireruft less
yulnerablo to tl.e ef~rectr of ut):-ic r.5 i- . l 1 71 1.

-14-
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(d) It is, therefore, recommenied that a rroject be established at
UALS so that precisely controlled samples may be prepared and exr-oed
in the pile at Oak, Ridge, or, better still, Brsokhaven Netional
laboratories (because of its proximity to Philadelphia). These samples
then might be evaluated at KAES and compared with unexrposed materials.
Since the Aeronautical Materials Laboratory at NALS is the'only
laboratory of its kind in the service of BuAer with complete facilities
to prosecute such an investigation, t-is rroject could be handled
capably and expeditiously.

(2

S(

01711
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laTION D

PinSTIC SAMk-LS Pxi2i mr AI9i'I.MUi

ISMLP NO. DESCRIPTION WOGATION IN AIRPLANE

A-I Single curve, 1/8" acrylic Cabin enclosure, top cover,
,.starboard side, Station

81-107.

A-2 l'lait, 3/16" acrylic Gkn turret, top half, port
side, sunner facing aft,
itation 134-146.

Flat, 1/8" acrylic Gun turret, bottom half,
rort side, gunner fanin4_
aft, Stntion 134-146.

A-4 Single curve, 1/9" acrylic Bomberdier's co Tnrtmnnt'
.,indow, rpnrt side,

St•rton 170-146.

A-5 Fl1t, .100" acrylic Bombirdier's corroTrtmnent
wi•.low, sturbnqrd siie,
St!ýtion 216-232.

SPL•jTIC SAWILEs F•MX CO'RL Alld-LA1

-iee -1- See A-I

B-2 ýjee #k-2 See A-2

B-3 6oe P-3 See A-3

B-4 See A-4 See A-4

8-5 See ,,-5 See A-5

wM - TABUL I

"-s. "7'1 "
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SECTION D

EADINGS TAKEN ON HYDRAULIC OIL SAMPL•S

SAMPlE I SAMPLE 2 SAMPIE

B TPIB BETA P1116 BETA PUoS
.GA.. A ALA GAMHA AIMA GAMMA AIMA

Oil before
Centrifuging 23 *eg. 18 seg. 33 Neg.

Residue after

Centrifuging 37 Neg. 30 Neg. 50 Neg.

Centrifuged Oil 10 Neg. Neg. Neg. 17 Neg.

Equipment Used: 2.7 mg./es2 end-window type argon-ether filled
self-quenching.

General Electric Proportional Counter with rubber
hydrochloride window, air-filled chamber probe.

TABLE II

RESULTS OF TEST OF HYDTAULIC OIL,-
MM SAKPLES TESTED AGAINST SPECIFICATION AN-O)-366

IMiTS DOES NOT MEET
SAMPLE 1 SAMPE 2 SAMPLE I SPZCIICATION SPECIFICATION

Pour Point -75.0"'. -75.0'?. -75.0'f. 1

Flash Point 90.0'F. 92.0'?. 90.0'?. 1

Turbidity at Passed Passed Passed x
-65.0-F. to 72 hr. 72 hr. 72 hr.
-70.0'. test test test

Viscosity
Centi stokes

130*'. 10.99 10.86 11-37 1
-40"F.(a) 530.3 552.1 585.7 z
-40"7.(b) 525.0 547.0 580.4 x
(1 hr.
later
than (a)) 7

mix II
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SCTIcN D

RFADINGS TAKEN ON ILBRICATING OIL SAMPLES

SAMPIZ 1 - C/M1. (N•T) SAMPLE 2- C/VI. (NET)
BETA PLUS GAMMA AIPH BETA PIUS GAMMA ALPHA

Oil before Centrifuging 18 1eg. 125 Neg.

Residue after Centrifuging 36 Neg. 108 2

Centrifuged 011 12.0 Neg. 9.6 Neg.

C TABLE IV

EMLTS OF TEST OF LUBRICATING OIL
TWO SAMPLES TmSrTD AGAINST SPEC IFICATION AN-VV-O-446

SPECIFICATION
SAMPLE I SAMPIZ 2 R•,•z uOFrS

Pour Point -109C. -100C. Max. *20*F,
*U'. O.F.

Flash Point Above 255*C. Above 2550C. vin. 490oF.
491°Fo 4910F.

47 Viscosity at 99C. (210°7.) 119 117.5 115 - 125
(Saybolt Universal)

TABLE V

0 1711
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MATiRlkL -24&r, .033- TEULRAiURL - Room

fL "RIFTION -tolrt S~ide, Station 90.5 to Station 122,
Sýtrin,-er 3 to Stringer 6

RW3;62KS
NO.* PSI' TOTAL OW ItS (1AI'sliRi LCATLJN)

1 181000 50,000,000 No FAilure
2 2C2,000 7,894,000 B/C

(13 25,000 1,073,600 3/0,

5 23,000 1,090,0C0 0

6 20,000 15,137,000 0

7? 19,000 50,00000 No Failure

o;,RO;S6 ROLL
iS,000 24,531,000 0

9 22,000 2,300,000
10 25,000) 454,000 B
11 30,030o 211,000 B

12 2 3,0 CO500 0/al

13 20,000j 1,050,000 /
14 17,000 50,000,000 No Failure

ItrEAt OYC;Lh.j Rouli-aiO - 50,000,000

IAIIDRE AREA

tow T1 JnULi VII

-l1711



- Fdý±CRT NO. APAL rNr1ý Az),V1)
ZECTION 5

FLIXURi F~.,TIGJk TZ.37i'

4-,ý,.G33- ~i1i~ Room

DC~Ii~~X ~..QzrdSilt-, atatitnm 9C.5 to itet ton 122,
.. ,.rin. r 3to 6trimý,er6

1.5 100OO 525,0CGQ C
16CO 4, 555, 00 0I'

13 f,OO 50~, 00000 No Failure
19 1 %-o4 50,10fC,CGOO No Fa ilu re

'5, CJC96, c
U U~iOC22,6P.3,0C0

ACituos ROLL

22 C, OO 33, COO c
23, 0"` 3, 040,0CC C/D

2,4619 00c
Z5 3, u-0 16,562,000 C
26 ]i.nC, c 50,0)00,00)0 No Failure
:27 5czO0 l", 15 1, cC0( :,00 j,6CR,CCG

(I ~TABU~ Vill

0 17111



-Sk& TION D

9 GCCUPARISON OF AVJlikAE VAIUES OBTAINED FROM TESTS

OF MATLRIAL Ar AND MATZRIAL B*

SPECIFICATION
TEST MATERIAL A MAMERIAL B flU LN TS

Ultimate Tensile Strength, psi 7285 4950 6800 (min.)
Elongation, % 2.29 1.28 2.0 (rAin.)
Index of Refraction 1.489 1.489 1.49 ± 0.01
Angular Deviation, minutes 2.3 2.9 7.0
Light Transmission (Parallel), % 81.9 84.0 90.0
iaze, % 7.4 5.8 3.0
Rate of Burning, in./min. 1.8 0.87 2.4 (max.)
Flexural iDformation, *Y. I1O 161 137 - 176
Stress-Craze, inches 2-3/8 2-3/8 Visual Inst.-
Water Absorption, 1 0.31 0.39 0.8O
Spe=ific :ravity 1.18 1.18 1.18 ± 0.01

SPEC IF ICATION
RL-4UIR1WNAENS

MET BY NCT MET BY SIPLRIOR
TEST MATERIAL MATERIAL MATERIAL

Ultimato Tensile Strength, psi A B A
Elongation, 1 A B A
Index of Refraction A eni B Neither
Angular Deviation, minutes A and B Neither
Light Transr.ission (karallel), % A and B B
Haze, % Aand B B
Rate of Burning, in./min. A and B B
Flexurtil Deformation, *F. A and B Neither
stress-Craze, inches A and B Neither
"Water Absorption, A A and B A
Spsolfic Gravity A and B Neither

"Acrylic msternl1 fro- test aircrnft.
* Acrylic ntetrial from control aircraft.

TABUh IX

(1711
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PLASTIC TEST RLSULTS
ULTIMATE TMSIIA S"GTH (PSI)

SAMPLE NO. U.T.S. (PSI)
MATERIAL A

A-1(1)8590
A-1(2) e0oo
A-1(3) 8430

A-2(1) 5620
A-2(2) 5580
A-3(l) 7080
A-3(2) 8220
A-3(3) 5970

ATVW.AG 7285

rAThYIL B
B-1(1) 5.2o
B-1(2) 1.760
B-1(3) ,"o

AvLRAU. 1.950

TABIZ X

PLASTIC TEST RZSULS
ELONGTION tJ)

( ~SAWLIZ NO.A

WIATLR LtL A

A-1(1) 3.11
A.-1(2) 2.96
A-1(3) 2.92
A-2(1) 1.39
A-2(2) 1.15
A-3(l) 2.13
A-3(2) 3.02
A-3(3) 1.65

ATIRAM 2.29

MATERIAL B
B-1(1) 1.*9
B-1(2) 1.16
B 5-1(3) 1.19 u 1711

AVERAGI 1.28

TAB nIX



e • REPOWR N0. AML NAN AE 540001
SETIQN D

PLASTIC T1ST RESUL¶S
mDnn OF REFRACTION

SAMPlE NO. DINIi

MATZRIAL A
A-2(4) 1.489
A-2(5) 1.489
A-2(6) 1.488

AVEJRAZ 1.489

MA •LRIA L B
B-2(1) KhRAB1.487
B-2(2) 1.492
B-2(0) 1.,86
B-2(4) 1.492

AVE•AE 1.489

TABIL XI1

PLASTIC TEST RESULTS
ANGULAR DEVIATiON

(klx No. RIZON'ML VERTICAL

MATERIAL A
A-4(1) .25* .188
A-2(7) .25- .125*

AVE•RAE .203 x 11.45 a 2.32 ainutes

MATERIAL B
3-4(1) .2-5 .25'

AVERE .25' x 11.45 - 2.86 ainutos

TAl xII

0 1711



WPORT NO. AEL NAM Ax 54(0001
SICTICE D

PLASTIC TEST RMtSff
PJIRINTAGE LIGHT TRANMISSION

sllllq. A (TOCTAL %I B (rARALI.EL %)

NAflRIAL A

A-4,(2) 91.9 76.9
Ai-40) 92.1 80.3
A-3(10 91.9 85.2

A-3(5) 91'6 85.0

CiAVIRAUE 91.9 81.9

NIATIRIL B

B-/*(2) 90 84
B-3(1) 90 84

AVERAGE 89.7 84.0

TABIZ lIV

PLASTIC TIST ggITSU2
FlhIINT I HAZE

KAIAIAL A
A-40) 16.3
A-4.(6) 12.8
A-3 (6) 7.3
A-3(7) 7.4

AVERAG 10.9

B-4(0) 6.0

TABLE XV

1 7-11.



REPORT NO. AML NAM AE 540001
* SECTION D

PLASTIC T'-ST RESULTS
RATE OF BURNING

SAMUE NO. INCRES/MiNUTE

MATERIAL A
A-1(4) 1.9
A-1(5) 1.8
A-1(6) 1.7

AVERAGE 1.8

MATERIAL B
B-1(4) 1.4
B-1(5) 0.9
B-1(6) 1.3

AVERAOZ 1.2

TABLE XVI

PLASTIC TEST RESULJTS
-YLEXURAL DEFORMATION

STARTING EEl LECTION
SAMI 1 NO.* WIDTH THICKNFES'S TRUERATURL TIZZI ERAIJRE

MATERIAL A
A-5(l) 0.503" 0.112" 82o1. 1609r.
A-5(2) 0.495" 0.112" 826F. 158-F.
A-2(8) 0.4860 0,178w 800Y. 1601F.
A-2(9) 0.497" 0.178w 820F. 162?F.
A-2(10) 0.500" 0.178" 80'Y. 1620F.

AVERAGE 160'?.

MATERIAL BB-5(l) 0.499" 0,129" 829F. 158"7.
B-5(2) 0.499" 0.123" 780F. 1620F.B-5(3) 0.496" 0. 13 3" 80"F. 162"?.
B-2(4) 0.490" 0.133- 75*'. 162?F.
&-2(5) 0.499" 0.119" 77'?. 161*?.
3-2(6) 0.495" 0.132" 78"y. 165"?.( 8-2(7) 0.495" 0.123P 77"r. 156'?.

AVRAGE 161?F.



RPORT NO. AUL N,.I (E 540001
SECTXIN D

PL,,.3TIC TEST R&X LT-I

EXTENT OF CRAZE
S;AiPL NO. LLNGTh •ID'K THICnESS PSI A R24 h!C. AFTER 17 DAYS

VATIk 'AL A
A-2(1) 4" 0.979" 0.191 4000 1-3/4" alight 2-3/8" severe
x-2(12) 4" 0.996" 0.178 4000 1-3/4" slight 2-3/8" severe

MATi;IAL B
B-2(8) 4" 0.980 0.179 4000 1-5/8" slight 2-1/2" severe
B-2(9) 4" 0.997 0.178 4000 1-5/16" slight 2-1/2" severe
B-2(1O) 4" 0.994 0.180 4000 2-1/16" slilht 2-7/16" severe
B-2(11) 4" 0.979 0.178 4000 1-9/16" sliiht 2-1/16" severe

AVkJRAGE 2-3/8"

TABLE XVIII

PlASTIC TEST RESULTS
JPIRNTAGI WATER ABS0RnICIN

EIIGHT
•I~3HT AFTER

SAMPLP NO. % ABSORBED LT•jTH WIDTH ThICKNS [ VDITIONIN' DAMERION

MATERIAL A
A-1(7) 0.31 3.001 0.991 0.1175 6.7124 6.7336
A-1(0) 0.30 3.008 0.993 0.1215 7.0234 7.0448
A-1(9) 0.32 3.012 0.982 0.1170 6.6272 6.64.86
A-1(10) C.31 3.018 0.999 0.1215 7.0808 7.1031
A-1(11) n.32 3.005 0.997 0.1175 6.7887 6.8107

AUERA31 0.31

HATI.Ld. a
B-1(7) 0.42 3,081 0.972 0.123 7.1512 7.1815
B-1(8) 0.44 3.067 0.997 0.123 7.2752 7.3069
5-1(9) 0.29 3.062 0.967 0.139 7.9338 7.9370
B-1(10) 0.29 3.004 0.961 0.144 8.0206 8.0437
B-1(11) 0.-44 3.001 0,995 0.123 7.0591 7.0902
B-1(12) 0-1,3 2.985 0.980 0.124 7.0054 7.0358

AVZR•A 0.39

TABLE XIX

(1
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-SECTIO0! D

H,"STIC TEST RUAJLrlS

SI-LCIFIC GRAVITY

SAMPLE NO. WEIGHT IN AIR WEIGhT IN H SPECIFIC GRAVITY

MATERIAL A

A-2(13) 1.06 0.91 1.16

A-2(14) 1.03 0.88 1.17

A-2(15) 1.03 0.87 1.18

A-2(16) 1.06 0.90 1.19

A-2(17) 1.02 0. 8 717

A-2(18) 1.09 0.91 1.20

A-2(19) 1.08 0.87 1.18

AVERAGI 1.18

MATKRIAL B

B-2(13) 1.93 1.64, 1.17

B-2(14) 1.93 1.64 1.17

B-2(15) 1.91 1.61 1.18

B-2(16) 2.15 1.83 1.17

B-2(17) 2.05 1.75 1.17

B-2(18) 1.91 1.61 1.18

B-2(19) 1.72 1.44 1.19

B-2(20) 2.08 1.74 1.19

AVERAGE 1.18

-1TAB 1 X
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SECTION D

PDRT TIRE TEST RILSULTS

Manufacturer: Goodyear Tire and Rubber Company
Size: 34 x 9
Serial: 133943-510
Fabric Flies: 10 (rayon)
Ruboer Grade: S-6
Appearance: No excessive surface deterioration. Slight sidewall

cracking due to weathering. Cracking more pronounced
on outboard sidewall.

TBNS1LL STRENGTH TEST RE&JLTS

TkNSIL STRENGTHPSI
SAMPLE NO. INBOARD SIDEWALL ULTIMA1E EONG.TION,%

1 1570 300
2 1540 280
3 1540 290
4 1500 280

AVLAAGN 1540 290

OUTBOARD SID•ALL
1 1450 260
2 1080 240
3 1190 230
4 1230 240

AVL'cAGE 1240 240

TABLL XXI

Q 1711
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't. SiCTION D

I;ER TUBE TEST RF.SULTS

Manufacturer: Gcodyear Tire and Rubber C$'pany
Size: 34 x 9
Composa.tion: Natural rubber

ULTIMATE FERCENTAGE
SAF.LE NO. TENi ILE STRENGTH ELONGATION

1 2060 610
2 2240 620
3 2230 630
4 2190 610
5 2310 620

AVEi,& E 2210 620

TABLE XXII

-,-S1,ALD4ý FULL CELL T0_T R,"LTS

Manufacturer: B. F. Goodrich Company
Date of Manufacture: Nov "
Manufacturer's iOraeIng: L-225
Serial No.: ý.-292-3
Constructiozo: 898 T3I-3L
Type: Main Cell, 155 gal.

T•PE RATURE FUEL REWX LTS

-70"7. 115/145 containing 1.3% aromatics Sealed In less
than three (3)
minutes

TABLE XXIII

0 1711



PT~J N. PhML WiM U. 54CO01

0 I-

0~
Lo 0CT

'.9w j 0

- -~ 0
*4 (fl

-0

00I-~ ZO 0-

-V 
0

10

41 t .. . .1 -P

T , i . i ,l ,-- 
0 4II F ý t J , ý - .7 1 t

9 ., 4
.11~T j 

,

1~~4 A 1~1ij

~A. o

'I Sd NI SS181S PIATILI



&I-vu1n INO 41L NAM AR 54.0002.
S&, .P'A D

4 0

LO)

z / 0

C 0

.00

OD, 10

11) Au Q CV ca. m 04 04 -4

-~ 'Id NI S38L) I~



2001

Xtl*~ M ,

200

-500



hiuk-hT NO. AIUL N" AL 54h', C.C1

2ONO

4M'k No. 2

m3JMT~~iAWJ. C0WIOIWI AITM &IwjuV3JR FoR S14 JUky~ iM VOCI H;0 Ii;O~ LUTION

(NP(3)-262270(L)-2-50 VLT 4

7



2001

jWr,)MI ~ ~ ~ t-.,1N;k.i~jju NL;mLRClioINSU " U LA

,ip Lh O-

A-a "OUa'.

NP(3)-262271(t)-2--50 PIATE5

1 1711



Rt~ii)T 1W. ;ML N;41 Ai 540001
SW T ION D

UNETV1IkD
20OX

KILLER'S ITCHANT
200X

PHO¶[OICROaRAMSi SHiJUV RICSiUL¶Di OF INThRGRAJNJ1AR CORROS3IONt SIUDIL¶ ON METAIS

SAMiz NO. I.
DITERGRNUAZIUAR CORFDSICN AY2MR XXPOSURI FOR SIX H~UMS IN NaCi H2 02 SOWITION

L NP(3)-262272(L)-2-50 IT6



R&QdDG NO. ityL)W! AB. 51.0C3a ~SECTION ft.

NAVY DUFAiI¶MT
SjtkaI (if ALRCNAtUTlCS

STATIC 1T3TS C& OPiRACIGN CitLSltCADbi,
UTRJE nIa t-M., ¶I&-3E, MiNQ. 5r!169

C, BY

AknO0NAU'IiCnL si!%U(Tb~iS hksI&AAruhkY
MYAL AIR L~itraitiliTnL Jida~i~

Nn.VAL Ala YaodzInL CtNTER fllILADEUtlA

Authorization . . . . . . . &aAer Con~tdentlrtl ltr Aer-AE-/.5 00P26-7
ef 29 Niov 4&.

Lv 0?is Tbst . .. . . . . grMown 17 Feb V. to 10 Axv, 4tk.

Approved by an~uf%' itied&-nrer,

njiroved by . ....... Oliver H. oAYrSletenn,

naIM ISSUED 1 Apr 1953-

BEST AVAILABLE COPY



C REPO?. NO. AIL NAIt AF 540001
SECION E

3,STRACT ....... . **.*

n IZWRLýI.ATON .. .. . . . . . . . . . *.

DE-SCWIfTION . ....... 4...5

(I.RnULTS........ ... . . . 6-

CobCIAJSIONS . .* . . . 9

.AkcuxvZ2IAT1GN ....J ...... . . 9

1PrThi l M ' 22, ILloIV& . . ....

(

( a
o -2
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SECTION k

I•.ERkNCES

'a) ILWR # 465-47 of 26 Jur 47.
(b) Confidential Mezno Ai-41-AH:rrc, (1780) of 5 Jun 47.
(c) N-.E ieport No. 15072-48 - Report on Test lo.#ds for the Jtatic

Tests of TBI-3E Airrlane.
(d) NAWi iiepcrt 'ED No. NAM 2479, Part I - Static Tests of TBF-1

Airplane - of 4 ^pr 45.
(e) ASL Confidential Memo XT-21-MSR:hg (764) of 10 Mar 48.
(f) RA Report TED No. NAI 2419, Pert I - Special Static Tests of

i4odel TBF-I Airplane of 5 Apr 44,
(g) NAES Report TED No. NAIL 2479, Part III - Model TBF-I ilevators -

Comparative Blow-Up Tests of - of 5 Apr 45.

PLATES
NU-BER

NAES Photo. io. 262397 - TBM-3E Target Airrlane - Engine Mount
Test Set-Up - Side View. 1

NAbS khoto. No. 2o2398 - TEV-3S Target Airplane - En?'ine Mount
Test Set-Up - Forwarl View. 2

N•EL Photo. No. 262399 - ThM-3E Targat Airplane - Engine Mount
Ttst 'Tube D Failure. 3

NAES k hoto. No. 262400 - TM-3E Target Airplane - Stabilizer
Test Set-Up - Side View. 4

Ni..S Photo. No. 262401 - TEM-3E Target kirplane - Stabilizer
Test Set-Up - Aft View. 5

NAES Photo. No, 262402 - TBM-3k Target Airplane - Horizontal
Tail Surfaces Under 115% Limit Load. 6

N&ES Photo. No. 262403 - TBM-31 Target Airplane - Starboard
Stabilizer - Station 60 - Leading Edge Buckle and Undersurface
Wrinkles at 115% Limit Load. 7

NAES Photo. No. 262404 - TBM-31 Target Airplane - Port
Stabilizer - Stntion 60 - Leading, kdge Buckle and Undersurface
,.rinkles at 155% Limit load. 8

NA&J Photo. No. 262405 - TBV-3E Target Airplane - Port
Stabilizer - Beam Failure at Station 33 at 212% Limit Load. 9

TBU-3E Target Airplane - 1Horizontal Stabilizer - Plot of Semi-
.pan vs. Deflection at 150% Limit load. 10.

TSM-3E Targ:et Airplane - Rudder Blow-Up rest - Location of
Deflection Measurements. 11

NALS Photo. No. 262406 - TM-3E Tht rget Airplane - Rudder Blow-
Up Test - Test Set-Up - View from Port Side. 12

NAES Photo, No. 262407 - TBM-3S Target Airplane - Rudder Blow-
Up Test - Fabric Failure - Fort Side - Station 151. 13
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PLaIWIS (CONTfINUE)S~NUMBER

TI-3I. Target Airlane - Rudder Blow-Up Test - Fabric

Deflection - Port Side. 1i
TBM-3k Target Airplane - Ru.der Blow-Up Test - Fabric
Deflection - Starboard Side. 15

MALES Photo. No. 262408 - TWM-3E Target Airplane - Wing Test

Set-Up - Dummy Beam Side. 16

NAkS FPhto. No. 262409 - TI-3E Target Airplane - Wing Test

Set-Up - leadin; kdge View. 17

MiS Photo. No. 262410 - TBM-32 Target Airplane - Wing Test

Set-Up - Trailing idge View. 18
.. aj- Photo. No. 262411 - MhM-3k IY'rget Airplane - Starboard

Win- - lower Surface - Stiffener Installation. 19

NAES Photo. 'No. 262412 - Tk-33 Target Airplane - Starboard
Wing - Lower hinge Fitting - Aldition of Angle Braces, 20

NAES Photo. No. 262413 - TBM-3E Target Airplane - Starboard

Wing - Lower Main Beam Capstrip Failure - Outboard. 21

NAk. Photo. No. 262414 - T&U-3E Tareet Airplane - Starboard

'aIng - Lower Main Beam Capstrip Failure - Inboard. 22
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ABSTRACT

(a) This is a report of tests conducted on various components of
the structure of an Operation OROSSROADS target airplane. This structure
was originally designed to withstand service usage. This usage does not
include either exposure to extreme blast pressure, unshielded tropical
weathering, or atomic radiation. This alrplane was exposed to all three
of these phenomena in addtUon to previous service usage. No unique
tests were ? ivised, although test methods in some eases were necessarily
modified du- to sucK factors as damage to the airplane-s structure by
blast and t i necessity of personnel protection against radiation hazards.
Where applicable, standard tests against specifications were employed.

S(b) The, report describes the various points of failure and deformation
of the structural components, deduces the probable failing points of those
components not carried to destruction, discusses the reasons for non-
failure of various components and discloses that the results are
attributable to effects of phenomena other than atomic radiation.

a 1711
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ZkTTIONZ Z

1. iWUhORIhkTION

The subject teots were authorized by refs (a) and (b).

j 2. " CBJCT

These tests were conducted to determine the efftets, if any, on the
structural components of ea aircraft which had been exposed to atomic
radiation durina OperzAion GOt...3ROALS.

K+

These tests Nere conducted on a wing, stabilizer, rudder, and enftine
mount of Model ¶f3-3Z airplane, BaNo 69169. The abovu components were
essentially the same structurally as those tested under BuAer Project
TD No. NAK 2479 and reported in ref (d).

4. METHOD

(a) Enkgine mount Test

(1) The engine mount was removed from the airplane and mounted

on a rigid jig. The engine mount ws tested by applying the loads shown
in Figure 6-1 of ref (). The test set-up Is shown in Plates 1 and 2.

(2Y Inasmuch as no comparable test data was available, the
engine munt me tested to failure with no deflection, straian or set
data taken.,

(b) Horizontal Stabilizer Test - For this test, the fuselage was
supported in the -region of the stabilizer carry-through structure.
Because of excessive blast damage to the port stabilizer, a replacement
stabilizer was obtained from TWM-33 airplane, -No 680714, and was used

in the test. The loads shown in Figure 2-1 of ref (c) were applied to
.he stabilizer by use cf farmers instesei of tension pads as were used In
TZE No. N& 2479. itooden blocks were placed on the ribs of the elevttor
just aft of the beam and tie load was applied to then along the hinge
centerline just aft of the beam in the same direction as the stabilizer
loads. 1,e test set-up is shown in Plates 4, 5 and 6.

C (@} ~aRdder Slow-Up Test - The rudder was held in a vertical jig and

pressure was applied to the intarior of the specimen by means of comqressed

CQ 1711
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air. The pressure was increased slowly until the fabric burst. Both

aides of the surface were observed during the test. The fabric
deflection at the points shown in Plate 11 were recorded at each 1/4 psi.
The test set-up is shown in Plate 12.

(d• ling Test - The starboard outer panel only was tested for this

condition for the following reasons as outlined in peru 2 of ref (e):

(1) The port outer panel wes more severely da'naged than the
starboard outer panel and would require repairs to such an extent that
the results of tests of the port outer panel would be invalid.

(2) Since the repairs which were required in the wing center
section were so extensive, and since the wing fold joint loads are

( statically determinate, it is believed that the effect of the center
section on the outer panel would be approximately the same as if the
outer panel were mounted on a jig.

(3i Similar tests performed under projects TED Nos. NiS 2419
and 2479 showed the outer panel to be critical.

(4) Mounting the outer panel on a jig would expose the workmen
to radiation effects for a shorter period of time,since the jig could be
built in an uncontaminated area and assembled in the test area. Durmy
beams were attached to the wing hinge fittings and to the wing lock
fitting and were mounted in a jig so that tl:e wing and beams were f ree
to rotate around an axis parallel to the chard line. The dummy beara3
are shown in Plate 16. Ie loads were applied to the win, by use of
formers as shown in Plates 17 and 18.

5. RESUL¶LS

(a) Zngine Mount Test

(1) In the first test, 200% of limit load, as given in
Figure 6-1 of ref (c), was applied to the engine mount as shown in
Plates i and 2. After reaching 200% limit load, all load was removed
and the tubes were checked. No permanent bending of the tubes was
apparent at this time. The mount was then reloaded to 200% limit load
when the lower starboard tube (Tube D) failed in compression as shown
in Plate 3. It is to be noted that Tubes B and D are critical in
tension and compression,respectively, instead of Tubes R and C as
stated on Page 21 of ref (c). For this condition, the contractor'.
stress analysis (Grumman Report No. 2012, Page 30) shows Tube D to be

( the critical menber with a calculated margin of safety of 6.51. Q 17
(2) In view of the bihh failing load obtained in this test, it

is believed that there was no appreciable reduction in strength even

"S e.6
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though no comparable tests were performed on an unexposed engine mount.
The test of the exposed engine mount hac shown an adequate margin of
safety (approximately 30%) over the required design strength.

(b) Horizontal Tail Surface Test

(1) At 60% limit load, buckles appeared on the leadinr edge and
under surfaces of both stabilizers at approximately Station 60. Plates 7
and 8 show these bucklee at 155% limit load. At 100% limit load, shallow
buckles appeared on the underside of the leading edge of both stabilizers
at approximately Station 30. At 212% limit loaid, the port stabilizer,
which had not been exposed to radia~tion, failed in bending. This failure
extended from the leading edge at approximately Station 33 aft end
slightly outboard to the mien beam at approximately Station 36. At
Station 16, the main beam lower capstrip failed as a column as shown in
Plate 9. As reported in ref (d), the stabilizer of a Model TBF-l airplane
with 17 months service life (1165 flight hours) failed in the same manner
at 224% limit load. A plot of semi-span versus deflection at 150% limit
load is shown in ilate 10, and is compared therein to the deflection
obtained during the test reported in ref (d).

(2) At approximately 210% 'limit load, the appearance of both
port and starboard stabilizers was identical. This indicates that failure
of the starboard stabilizer, which was exposed to radiation, was imminent.
It Is concluded, therefore, that failure of tt'e starboard stabilizer would
have occurred kithin the range of failing load experienced by stabilizers
not exposed to radiation.

(ca Rudder Blow-Up 'est

(1) Numerous holes in the fabric of the rudder were latched prior
to the test. The failure occurred under Treasure of 2.00 psi when the
fabric tore at Station 51 on the port side. The rib stitching at
Station 30 also failed at the same )ressure. Plate 13 is a photograph
of the fabric tear at Strition 51. The fabric deflections are tabulated
in Plates 1. and 15.

(2) A comparizon of the results of this test with tests conducted
on the elevators of a Model 2BF-l airplane and reported In ref (g) is as
follows:

MAX. DEFILCTIC
%RFACA HISTURY FAILING FPRESSUKE (PiS) (APPROX. 1.75 1

Elevator New 2r46 .76 in.
Elevator 17 mos. service 2.70 .65 in.

(1165 fliht hours)
Rudder Unknown service life 2.00 1.05 in.

* exposure to radiation

0 -7 7
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(3) lte re,,;ult: nf this test ere not dirently corpanable to
the results of the rreviotii tests of the elev-.tor I'bric since the
surfaces are different ani qInce the rudder fFhric required extensive
patching (see Elates 12 aric 13) ;rior to conducting, this test. As noted
in the table above, there is a considerable spread between the results
obtained on a new and an old elevator with the new elevator exhibitin:.
a lo'wer ourstinz pres,;ure th.n the old one. The rudder bursting
pressure is lower than the pres~ure obtained for the new elevator.
however, due to the nmny variables which may affect the bursting
pressure (i.e. relative initial fabric tension, amount of dope applied
and exposure to severe weathering for at least six months ;rior to this
test), it is believed that the rudder burstin,3 pressure fnlls within
the range of strength that is to be expected for this air;lane.

S(d) Wing Test

(1) -Ur.on iispection of the starboard wi:', it "as found that
the Lsin becm, had been twisted by blast damu.-e. Prior to startin, this
project, it wns believed that the -sin, rep-irs ,i:ht fail during the test,
tius invalidating the rEfults. however, since a win" test wis specificall
re Luested, it was Aecided to repair the ;rng and perform one wil.• test for
which comperable data existed. By arplying pre-,sure to the lower hinge
fitting, the beam ws brought into its original position and riveted into
place. An addititnnl .tiffftn-r was added to the lower Eurfaze of the skin
picking up the rivets through ant-les uttached to the ruin beam. :he
stiffener and andles are shcwn in Pl-tes 19 and 20. Additlonl p]late and
an4le stiffeneri ,.ere riveted to the rain becm web as shown in Plate 21.
Repuirs were also made on the inboerd bulkhead as shown in Plates 21 and Z

t2) At 120f limit load, the repairs, made in an ettemrt to hold
the main beam in place, failed. The angle added to the capstrip failed
in tension; the attachrent of the inboard bulkhead to the spar failed as
slown in ilates 21 and 22.

(3) Sir.ne the failure occurred in the rep7ired rezion of the
win., the reý,iltr o)" this test are not considered valid for determining
the effects of radiation on thc 4ing structure. No attempt was miLde to
repeir the ti.r ,. J retest after ttis failure, since it is believed that
the amount of reinforcerent and repairs required woull invalidate any
further test rezults duo to the stiffening effect of the additional
members required.

iF
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6. CONCIUSIONS

As a result of these testts, it is concluded that tnere wis no
appreciable change in the structural strength of this airplane due to
the effects of radiation.

7. RkCAWiDATIONS

No recomendations are required as a result of these teits.

k!
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r~ ~ ~ ~M TARGET39(L~-4 AIPPLANE -ENGINE MOUNT TEST SEP-* 7
SIDE VIEW PLATE I
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SECTION E

t NP(3)-262398(L)-3-48
wTBN-E TARGET AIRPLANE ENGINE MOUT TEST SET-UP

FORWARD VIEW PLATE 2
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TBM- 3 TARGET AIRPLANE -ENGINE MOUJNT TESTTUBE D FAILURE 
PLATE 3
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NP(3)-2621400(L)- -48 p
TBM-1E- TARGET AIRPLANE -STABILIZER TEST SET-UP

SIDE VIEW PLATE 14
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I

S NP(3)-2624OI (L)-3-48 1711
TBM-3E TARGET AIRPLANE STABILIZER TEST SET-UP

AFT VIEW PLATE 5



SECTION E

NP(3)-262#o2 (L)-3-148 
1.

TB#4-3E TARGET AIRPLANE - HORIZONTAL TAIL SURFACES
UNDER 115% LIMIT LOAD PLATE 6
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WP(3)-2624b03(L)-3-)48 Q 171 4
TBt4-3 TARGET AIRPLANE -STARBOARD STABILIZER - STATION 6o

LEADING EDGE BUCKLE AND UNDERSURFACE WRINLES, AT 115% LIMIT LOAD
PLATE 7
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NP`(3)-262~4o4(L)-4 0 171
4 ~TB#4-3E TARGET AIRPLANE - PORT STABILIZER - STATION 60

LEADING EDG BUCKLE AND UNDERSURFACE WRINKLES AT 155% LIMIT LOAD
PLATE 8
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I N(3)-26214o5(L)-3-24 0 ~1711
T#-ETARGET AIRPLANE - PORT STABILIZER

BEAN FAFLURE AT STATION 33 AT 212% LIMIT LOAD PLATE 9
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TS1N-3 RUDDER BLOW-UP TEST

LOCATION OF OEFLLECTION MEASUREMiENTS

Rij.•.:RV NU. Al L NAM aE •. .C I
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3 N(3)-26 21 #O7(g)4-!4 8  Q 1711
-3 TARGET A IRPLANE -RUDDER BLOW-UP TESTFABIC FAILURE - PORT SIDE -STATION #51 PLATE 13



SECTIOlN E

-O AIRPihNZ¶DD NO. AMt 3AM AZ 540001
FAHidC D TION- RT FAC

PSI 1 .2.10 11
0 o 0 o0 0 0 .0 o o 0 0o

.25 .10 .33 .21 .13 .04 .12 .12 .16 .14 411 .08
.50 .14 .43 .30 .20 .08 -I8 .19 .22 .17 .18 .10

.75 .18 .. 50 .37 .27 .12 .25 .23 .30 .22 .21 .14

1.00 .21 .58 42 .31 .14 .28 .25 .32 .26 .25 .17
'1.25 u.24 .65 .47 .35 .16 .31 .30 .39 .30 .29 .19

1.50 .27 .77 .62 .40 .19 .36 .3, .45 .34 .38 .21
1.75 .29 .95 .85 .43 .21 .40 .38 .49 .38 .41 .22
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= TION E

TM-3E TART "^Iid-L, - i•NZ , 1 BLO'.'-U: TL.T -

FbRIQ DE•XzTICN - STARWsARDk SUI'ACL

o 10 11

0 0 0 0 0 0 .01 0 0 0 0 .01
,25 .13 .49 .42 .18 .410 .22 .21 .19 .15 ".12 .11

.50 .19 .62 .54 .22 .15 .29 .27 ..23 .20 .18 .13

.75 .21 .72 .65 ,30 .19 .36 .35 .31 .26 .21 .17

1.00 .26 s82 .71 .33 .21 .39 .37 .33 .28 .24 .19

1,25 .29 .89 .78 .38 .23 .42 .41 .39 .31 .28 .20

1.50 .32 1.00 .89 .42 .28 .48 .47 .42 .36 .31 .22

1.75 .35 1.08 .95 .48 .31 .50 .51 .45 .3 ".34 .22
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